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FIG. 2A. Sample volume 20 pl
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FIG. 3A

pCMV Green Renilla Luciferase plasmid Sequence (SEQ ID NO: 1):
1 gacggatcgg gagatctcee gatccectat ggtcgactct cagtacaatc tgcictgatg

61 ccgcatagtt aagccagtat ctgctcectg ctigtgtgtt ggaggtegcet gagtagtgeg

121 cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctgc
181 ttagggttag gegttttgeg ctgcitcgeg atgtacggge cagatatacg cgttgacatt

241 gattattgac tagttattaa tagtaatcaa ttacggggtc attagticat agcccatata

301 tggagttccg cgttacataa cttacggtaa atggceccgcec tggetgaccg cccaacgacce
361 cccgeccatt gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactticc
421 attgacgtca atgggtggac tatttacggt aaactgccca cttggcagta catcaagtgt

481 atcatatgcc aagtacgccc cctattgacg tcaatgacgg taaatggccc gectggceatt
541 atgcccagta catgacctta tgggactttc ctactiggca gtacatctac gtattagtca

601 tcgctattac catggtgatg cggttitgge agtacatcaa tgggcgtgga tageggttig

661 actcacgggg atttccaagt ctccacceca ttgacgicaa tgggagtitg tittggcacc

721 aaaatcaacg ggacittcca aaatgtcgta acaactccge cccatigacg caaatggged
781 gtaggcgtgt acggtgggag gictatataa gcagagcict ctggctaact agagaaccca
841 ctgcttactg gcttatcgaa attaatacga ctcactatag ggagacccaa gcetiggtacc
901 gagctcggat ccatgttgtt gaaagtigtg tttgctattg gatgtatcgt agtgcaggct

961 atggcctcaa aagtgtacga tccggagcag cggaagagga tgatcacggg gecccaalgg
1021 tgggcacgat gcaagcagat gaatgtgttg gacagtttca ttaactacta cgacagcgag
1081 aaacacgcgg agaacgcagt gatattcctg cacggcaatg caaccagtag ctatctgigg
1141 agacacgtgg tgccicatat tgagccggte getagatgea ttaticccga icttatigga
1201 atggggaaat ccggaaagag tggaaatgga tcatataggc tectcgatca tiataaatat
1261 ctgactgctt ggtttgaatt gctcaatctg cccaagaaaa tcatcttigt aggacatgat
1321 tggggctccg cecttgettt tcattatgec tatgaacace aggatcggat caaggctatt
1381 gttcacatgg agagcgtggt ggatgtgatt gaatcatgga tgggtiggcc ggatatagaa
1441 gaagagctgg cgctgattaa atctgaggag ggcgagaaga tggtactcga aaataactic
1501 titgtcgaga cggtactgcce cagtaagatc atgcgcaaac tggagcectga agagtttgeg
1561 gcttacctgg aacccttcaa ggagaaggga gaggigagga gaccgaccct gtcatggcct
1621 cgggaaattc cgctggtcaa aggagggaag ccagacgtcg tcgecattgt ccggaattac
1681 aacgcttacc tcegegcetag tgacgacctg cctaaactct tcatcgaatc agatcctggt
1741 ttciitagta acgccatcgt cgagggcgec aagaagtttc caaacaccga attigtiaaa
1801 gtcaaaggac ttcacttcct ccaggaggat gegeccgatg aaatgggaaa gtatatcaaa
1861 tccttcgtgg agagggtctt gaagaatgag cagaggticca tctagictag aaataatict
1921 tactgtcatg ccaagtaaga tgctttictg tgctgcaata gcaggceatgce tggggatgeg
1981 gtgggctcta tggcttctga ggcggaaaga accagetggg getctagggg gtatccecac
2041 gcgecectgta geggegcatt aagegeggeg ggtgtggtgg ttacgegeag cgtgaccgct
2101 acacttgcca gegecctage geecgetect ticgettict teecticctt tetcgecacyg
2161 ttcgecgget tteceegtca agcetctaaat cggggceatcc ctttagggtt cegatttagt
2221 gctttacggce acctcgacce caaaaaactt gattagggtg atggticacg tagtgggceca
2281 tcgccctgat agacggtttt tegecctitg acgtiggagt ccacgtictt taatagtgga
2341 ctettgttcc aaactggaac aacactcaac cctatctcgg tctattcttt tgatitataa
2401 gggatittgg ggatitcggc ctattggtta aaaaatgagc tgatttaaca aaaatitaac
2461 gcgaattaat tctgtggaat gtgtgtcagt tagggtgtgg aaagtcccca ggetecccag
2521 gcaggcagaa gtatgcaaag catgcatctc aattagtcag caaccaggtg iggaaagicce
2581 ccaggctcec cagcaggcag aagtatgcaa agcatgcatc tcaattagtc ag caaccata
2641 gtccegeccc taactcegec catceccgece ctaaciccge ccagtitccge ccattctccg
2701 ccccatggct gactaatttt tittatttat gcagaggcceg aggcecgectc tgecicigag
2761 ctattccaga agtagtgagg aggctttitt ggaggcectag gctttigcaa aaagctcccg
2821 ggagcttgta tatccatitt cggatctgat caagagacag gatgaggatc gtttcgeatg
2881 attgaacaag atggattgca cgcaggttct ccggeegctt gggtggagag gcetattcgge
2941 tatgactggg cacaacagac aatcggctgc tctgatgecg cegtgticcg geigtcageg
3001 caggggcgcc cggttctttt tgtcaagacc gacctgtceg gtgecctgaa tgaacigeag
3061 gacgaggcag cgcggctate gtggetggec acgacgggcg ticctigege agctgtgcic
3121 gacgttgtca ctgaagcggg aagggactgg ctgctatigg gecgaagtgee ggggcaggat
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3181 ctcctgtcat ctcacctige tcctgeccgag aaagtatecca tcatggcetga tgcaatgegg
3241 cggctgcata cgcttgatce ggctacctge ccattcgacc accaagcgaa acatcgcatce
3301 gagcgagcac gtactcggat ggaagccggt ctigtcgatc aggatgatct ggacgaagag
3361 catcaggggc tcgcgecage cgaactgttc gccaggcetca aggegegceat gecccgacggce
3421 gaggatctcg tcgtgacccea tggcegatgcec tgctigeccga atatcatggt ggaaaatggce
3481 cgcitttictg gaticatcga ctgtggecgg ctgggtgtgg cggaccgcta tcaggacata
3941 gcgtiggcta cccgtgatat tgctgaagag ctiggcggeg aatgggetga ccgceticcete
3601 gtgctttacg gtatcgccgce tecccgaticg cagegceateg cctictatcg cctictigac

3661 gagttcttct gagcgggact ctggggticg aaatgaccga ccaagcgacg cccaacctge
3721 catcacgaga tticgattcc accgcecgcect tctatgaaag gttgggctic ggaatcgitt

3781 tccgggacge cggcetggatg atcctccage gecggggatcet catgetggag ticttcgecc
3841 accccaactt gtttattgca gcttataatg gttacaaata aagcaatagc atcacaaatt
3901 tcacaaataa agcattittt tcactgcatt ctagtigtgg ttigtccaaa ctcatcaatg

3961 tatcttatca tgtctgtata ccgtcgacct ctagctagag cttggcegtaa tcatggicat

4021 agcigtttcc tgtgtgaaat tgttatccgce tcacaaticc acacaacata cgagccggaa
4081 gcataaagtg taaagcctgg ggtgcctaat gagtgagcta actcacatta attgcgtigc
4141 gctcactgcc cgctttccag tcgggaaacc tgtcgigcca gcigcattaa tgaatcggec
4201 aacgcegceggg gagaggeggt ttgegtattg ggegctctic cgcttectecg ctcactgact
4261 cgctgegcete ggtegticgg ctgecggegag cggtatcagce tcactcaaag geggtaatac
4321 ggttatccac agaatcaggg gataacgcag gaaagaacat gtgagcaaaa ggccagcaaa
4381 aggccaggaa ccgtaaaaag geegcegttge tggegtittt ccataggcetc cgeccccctg
4441 acgagcatca caaaaatcga cgctcaagtc agaggiggeg aaacccgaca ggactataaa
4501 gataccaggc gtttccecct ggaagctccce tegtgegctce tectgticcg accetgeegce
4561 ttaccggata cctgtccgcec tttctecctt cgggaagegt ggegcttict caatgctcac

4621 gctgtaggta tctcagticg gtgtaggtcg ticgctccaa getgggctgt gtgcacgaac
4681 cccccgtica geccgaccgce tgegcecttat ccggtaacta tegtcttgag tccaacccgg
4741 taagacacga cttatcgcca ctggcagcag ccactggtaa caggattage agagcgagat
4801 atgtaggcgag tgctacagag ticttgaagt ggtggcctaa ctacggctac actagaagga
4861 cagtatttgg tatcigcgct ctgctgaagc cagttacctt cggaaaaaga gttggtagct
4921 cttgatccgg caaacaaacc accgcetggta geggtagttt titigtttge aagcagcaga
4981 ttacgcgcag aaaaaaagga tctcaagaag atccitigat cttttctacg gggtctgacg
5041 ctcagtggaa cgaaaacica cgttaaggga tittggtcat gagattatca aaaaggatct
5101 tcacctagat ccttitaaat taaaaatgaa gttttaaatc aatctaaagt atatatgagt

5161 aaacttggtc tgacagttac caatgcttaa tcagtgaggc acctatctca gcgatcigtic
5221 tatttcgtic atccatagtt gecctgactce cegtegtgta gataactacg atacgggagg
5281 gcttaccatc tggccccagt getgcaatga taccgcgaga ccecacgctca cecggcetccag
5341 atttatcagc aataaaccag ccagccggaa gggcecgagceg cagaagiggt cctgcaactt
5401 tatccgccte catccagtct attaatigtt gccgggaagce tagagtaagt agttcgccag
5461 ttaatagttt gcgcaacgtt gitgccattg ctacaggcat cgtggtgtca cgctcgtegt

5521 ttggtatggc ttcattcagce tccggticec aacgatcaag gegagttaca tgatccccea
5581 tgttgtgcaa aaaagcggtt agctccttcg gtectecgat cgtigtcaga agtaagtigg
5641 ccgcagtgtt atcactcatg gttatggcag cactgcataa ttctcttact gicatgccat

5701 ccgtaagatg ctttictgtg actggtgagt actcaaccaa gtcattctga gaatagtgta
5761 tgcggcgacc gagttgctct tgeccecggegt caatacggga taataccgeg ccacatagca
5821 gaactttaaa agtgctcatc attggaaaac gttcttcggg gcgaaaactc tcaaggatct
5881 taccgctgtt gagatccagt tcgatgtaac ccactegtge acccaactga tcttcageat
5941 cttttacttt caccagcgtt tctgggtgag caaaaacagg aaggcaaaal gccgcaaaaa
6001 agggaataag ggcgacacgg aaatgtigaa tactcatact cticcttttt caatattatt

6061 gaagcattta tcagggttat tgtctcatga gcggatacat atttgaatgt attiagaaaa

6121 ataaacaaat aggggticcg cgcacattic cccgaaaagt gccacctgac gtc
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FIG. 4A
Modified red firefly luciferase with secretory signal (SEQ ID NO: 2)

1 gacggatcgg gagaicicece gatcecctat ggtcgactct cagtacaatc tgcictgatg

61 ccgcatagit aagecagtat ctgciccctg cigtgtgtt ggaggtcegcet gagtagtgceg

121 cgagcaaaat ttaagctaca acaaggcaag gctigaccga caatigcatg aagaaictgc
181 ttagggttag gegttttgeg ctgcttcgeg atgtacggge cagatatacg cgitgacatt

241 gattattgac tagttattaa tagtaatcaa ttacggggtc attagticat agcccatata

301 tggagttceg cgitacataa cttacggtaa atggcccgcec tggetgaccg cccaacgacce
361 ccoegcccatt gacgtcaata atgacgtatg ttcccatagt aacgccaata gggacitticc
421 attgacgtca atgggtggac tatttacggt aaactgccca cttggcagta catcaagtgt

481 atcatatgcc aagtacgcecce cctattgacg tcaatgacgg taaatggccce gectggcatt
541 atgcccagta catgacctta tgggacittc ctacttggca gtacatctac gtattagica

601 tcgctattac catggtgatg cggtttigge agtacatcaa tgggcgtgga tageggitig

661 actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg titiggcacc

721 aaaatcaacg ggactticca aaatgtcgta acaactccgce cccatigacg caaatgggceg
781 gtaggcgtgt acggtgggag gtctatataa gcagagctct ctggctaact agagaaccca
841 ctgcttactg gcttatcgaa attaatacga ctcactatag ggagacccaa gcttggtace

901 gagctcggat CC atggccttc:ctgtggctgctgtcctgctgggccctgctgggcaccaccttcg@
061 tacccgateg aggagggcete tgecggceatc caatigcaca agtacatgca acaatacgec
1021 aagctcggceg ccatcgectt cagtaacgec ctgacaggceg tcgacatcag ctaccageag
1081 tacttcgaca tcacgtgcag actcgecgag getatgaaga actacggcat gaagccagaa
1141 ggacacatcg ctctctgtag cgagaactge gaagagtict tcattcctgt tciggetggat
1201 ctitacatcg gagttacagt cgcgccaact aacgaaatit atacactiag agagctgaac
1261 cacagtcigg ggatagccca acctactatc gtattctcta gcaggaaggg cetgecccaaa
1321 gtgcttgagg tgcagaagac cgtgacttge atcaaaacca ttgicatcct ggacagtaag
1381 gtcaacttcg geggttatga ctgcgtagag accttcatta agaaacacgt cgagetgggc
1441 tttcctgeca ccteatttgt gcccatcgac gtcaaagace ggaagcacca catigetctg
1501 citatgaact cttccggtic cacagggctg cccaaaggag tagagatcac tcacgaggcec
1561 ctggtcacga gattctctca cgctaaggac cctatatacg gcaatcaggt ggccccaggt
1621 accgctatec tgactgtegt gectitccac cacggctteg gaatgticac tactttggac
1681 tacttigcct goggttaceg gattgtcatg cttactaagt tcgacgagga gcetiticcig
1741 cgcacacitc aggattacaa gtgcactaca gtaatcctgg tgccgacact gttcgcaatt
1801 cttaataggt ctgagctcct tgataagttt gacctcicta acctgaciga aatagccagc
1861 ggtggtgctc cactigccaa ggagatcgge gaggctgtig caagaagatt caacciccca
1921 ggcgtccgge agggatatgg actcaccgag actaccagtg ccttiatcat cacicctaag
1981 ggcgacgaca agccgggage cageggceaag gtegtgecte tgticaaggt gaagattatt
2041 gacctcgata ccaagaaaac gitgggtgic aacagacggg gagaaatctg cgtgaaagga
2101 ccatcictta tgttgggata cacgaacaat cctgaagcca ccagagaaac tattgacgag
2161 gaaggctggc tgcacacggg tgacatcggg tactacgacg aggatgagca ctictttata
2221 gtcgaccgcc tgaaatcict cattaagtat aaaggatacc aagtgccacc agctgaactg
2281 gagtcigtge tcctgcaaca cectaacatt agagatgctg gtgtggecgg ggttcecgac
2341 agcgaggcag gegagcetgec tggagcecgtce gtigtgatgg aaaagggaaa gacaatgact
2401 gagaaagaaa tcgtagacta tgtaaactcc caggtggtca accacaageg gctgaggggc
2461 ggcgtgeggt togtagatga agtccccaag gggcetcacag gaaagatcga cgcgaaagti
2521 atcagggaga tactcaagaa acctcaagca ggtgggtagt ctagatctag aaataattct
2581 tactgtcatg ccaagtaaga tgctitictg tgctgcaata gcaggcatgc tggggatgceg
2641 gtgggctcta tggcettctga ggcggaaaga accagetggg getctagggg gtatccccac
2701 gcgecctgta geggegeatt aagegeggeg ggtgtggtgg ttacgegeag cgtgaccgcet
2761 acacttgcca gegecctage gecegcetect ttegetttct teecticctt tetegecacg
2821 ttcgecegget ttccoegtca agetctaaat cggggceatcec ctttagggtt cegatttagt
2881 gctitacgge acctcgacce caaaaaactt gattagggtg atggttcacg tagtgggceca
2941 tcgcoctgat agacggtttt tegecectttg acgttggagt ccacgtictt taatagtgga
3001 ctettgttce aaactggaac aacactcaac cctatctegg tctaticiit tgatitataa
3061 gggattttgg ggatttcggc ctatiggtta aaaaatgagc tgatttaaca aaaatttaac
3121 gcgaattaat tctgtggaat gtgtgtcagt tagggtgtgg aaagtcccca ggceiccecag
3181 gcaggcagaa gtatgcaaag catgcatctc aattagtcag caaccaggtig tggaaagtcc
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FI1G. 4B
3241 ccaggctccc cagcaggcag aagtatgcaa agceatgcatc tcaattagic agcaaccata
3301 gtceccgeccce taactcegee catcecegece ctaactcege ccagticcge ccatteteeg
3361 ccccatggcet gactaatttt ttttatttat gcagaggeeg aggecgcectc tgectctgag
3421 ctattccaga agtagtgagg aggctiittt ggaggcctag gcititgcaa aaagcetcccg
3481 ggagctigta tatccattit cggatctgat caagagacag gatgaggatc gtttcgcatg
3541 attgaacaag atggattgca cgcaggttct ccggeegctt gggtggagag gctaticggce
3601 tatgactggg cacaacagac aatcggctge tctgatgeceg cegtgttceg getgtcageg
3661 caggggcgcec cggttctttt tgtcaagacce gacctgtceg gtgecetgaa tgaactgceag
3721 gacgaggcag cgeggctate gtggetggee acgacgggceg ttecttgege agetgtgcete
3781 gacgttgtca ctgaagcggg aagggactgg ctgctattgg gegaagigce ggggcaggat
3841 ctectgtcat ctcaccttge tectgecgag aaagtatcea tcatggctga tgcaatgecgg
3901 cggctgcata cgcetigatce ggcetacctge cecattcgace accaagegaa acatcgcatc
3961 gagcgagcac gtactcggat ggaageceggt cttgicgatc aggatgatct ggacgaagad
4021 catcaggggc tcgecgecage cgaactgtic gccaggctca aggegegceat gecccgacggce
4081 gaggatctcg tcgtgaccca tggegatgec tgettgecga atatcatggt ggaaaatggce
4141 cgcttttctg gattcatcga ctgtggecgg ctgggtgtgg cggaccgcta tcaggacata
4201 gcgttggeta cccgtgatat tgetgaagag cttggeggeg aatgggcetga cegcticeic
4261 gigctttacg gtatcgecgce tcccgaticg cagegeateg ccitctatcg cctictigac
4321 gagttcttct gagcgggact ctggggttcg aaatgaccga ccaagcgacg cccaaccige
4381 catcacgaga tttcgattce accgcecegcect tectatgaaag gitgggctic ggaatcgttt
4441 tccgggacgce cggetggatg atcctccage geggggatct catgetggag ticttcgecc
4501 accccaactt gtttattgca gettataatg gttacaaata aagcaatagce atcacaaatt
4561 tcacaaataa agcatttttt tcactgeatt ctagtigtgg ttigtccaaa ctcatcaatg
4621 tatcttatca tgtctgtata ccgtegacct ctagctagag cttggcgtaa tcaiggtcat
4681 agctgtttcc tgtgtgaaat tgttatccgce tcacaaticc acacaacata cgagccggaa
4741 gcataaagtg taaagcctgg ggtgcctaat gagtgagcta actcacaita atigegttge
4801 gctcactgee cgctttccag tcgggaaacc tgtegtgeca getgceattaa tgaatcggec
4861 aacgcgcgag gagaggceggt ttgcgtattg ggegctette cgcticeteg ctecactgact
4921 cgctgegcte ggtegttcgg ctgecggegag cggtatcage tcactcaaag geggtaatac
4981 ggttatccac agaatcaggg gataacgcag gaaagaacat gigagcaaaa ggccagcaaa
5041 aggccaggaa ccgtaaaaag geegcegtitge tggcegtittt ccataggceic cgecceeclg
5101 acgagcatca caaaaatcga cgctcaagtc agaggtggcg aaacccgaca ggactataaa
5161 gataccaggc gtttcccect ggaagctcec tegtgegcte tectgitceg accetgeege
5221 ttaccggata cctgteegec tttcteectt cgggaagegt ggegctttct caatgcicac
5281 gctgtaggta tctcagticg gtgtaggteg ttegetccaa getgggeigt gigcacgaac
5341 ccecegttca geccgaccge tgegecttat cecggtaacta fegictigag tccaacccgg
5401 taagacacga cttatcgcca ctggcagcag ccactggtaa caggattage agagcgaggat
5461 atgtaggegg tgctacagag ttcttgaagt ggtggcectaa ctacggctac actagaagga
5521 cagtatttgg tatctgcgct ctgctgaagce cagttacctt cggaaaaaga gttggtaget
5581 citgatccgg caaacaaacc accgctggta geggtagttt titigtiige aagcagcaga
5641 ttacgcgcag aaaaaaagga tctcaagaag atcctiigat ctitictacg gggtctgacyg
5701 ctcagtggaa cgaaaactca cgttaaggga tttiggtcat gagattatca aaaaggatct
5761 tcacctagat ccttitaaat taaaaatgaa gttttaaatc aatctaaagt atatatgagt
5821 aaacttggic tgacagttac caatgctiaa tcagtgaggc acctatctca gcgatcigic
5881 tatttcgttc atccatagtt gectgacice cegicgigta gataactacg atacgggagg
5941 gcttaccatc tggccccagt getgcaatga taccgcgaga cccacgctca ccggcetccag
6001 atttatcagc aataaaccag ccagccggaa gggecgageg cagaagtggt cetgcaactt
6061 tatccgcectc catccagtct attaattgtt gccgggaagce tagagtaagt agttcgecag
6121 ttaatagttt gcgcaacgtt gitgccattg ctacaggcat cgtggtgica cgctegtegt
6181 ttggtatggc ttcattcage tccggticce aacgatcaag gegagttaca tgatccceca
6241 tottgtgcaa aaaagcggtt agctccitcg gteccteccgat cgttgicaga agtaagtigg
6301 ccgcagtgtt atcactcatg gttatggcag cactgcataa ttctcttact gtcatgecat
6361 ccgtaagatg ctittctgtg actggtgagt actcaaccaa gtcatictga gaatagtgta
6421 tgcggegacce gagttgcetct tgcccggegt caatacggga taataccgeg ccacatagca
6481 gaactttaaa agtgctcatc atiggaaaac gttcttcggg gegaaaactc icaaggatct
6541 taccgctgtt gagatccagt tcgatgtaac ccactegtge acccaaciga tcticagcat
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6601 ctittacttt caccagcgtt tctgggtgag caaaaacagg aaggcaaaat gccgcaaaaa
6661 agggaataag ggcgacacgg aaatgttgaa tactcatact cttccttttt caatattatt
6721 gaagcattta tcagggttat tgictcatga gcggatacat atttgaatgt atttagaaaa
6781 ataaacaaat aggggttccg cgcacatttc cccgaaaagt gccacctgac gtc
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FIG. 6

Renilla Stability Profile

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

—e—RLAR + 8 pl Stabilizer
—— RLAR no Stabilizer

Minutes




U.S. Patent May 31, 2016 Sheet 10 of 42 US 9,353,401 B2

FIG. 7
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F1G. 8

Improvement in luciferase activity of cells transfected with expression
vectors containing human codon optimized sequence of red-emitting
Luciola ltalica luciferase

10,000,000
1,000,000
100,000

el e il

10,000
1,000
100

| mRed FlLuc RLU

Relative Luciferase Activity

10

1

R FLuc R FLuc HC




U.S. Patent May 31, 2016 Sheet 12 of 42 US 9,353,401 B2

FIG. 9
Improvementin luciferase activity of cells transfected with expression
vectors containing human codon optimized sequence of green-emitting
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Comparison of luciferase activity in HEK-293 cells transfected with red-emitting
Luciola ltalica luciferase {R FLuc HC), or with a secreted form of the red ltalica
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FIG. 11
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FIG. 14
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FIG. 15A
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FIG. 16

Firefly Luciferase Assay reagent (FLAR-1
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FIG. 18

(RLU) Luciferase AcCtivity
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FIG. 19
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FIG. 21
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KI1G. 22

Firefly Cypridina Dual Assay
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F1G. 23A

Dual Assa ridina—Re_ni]la Lu_ciferase

Panel A

Cypridina Luciferase

7000
6000
2000
4000

3000
2000

1000

T

(RLU)

-—@— Renilla + Cypridina

Iviy

Relative Luciferase

Act

Time (Minutes)

FIG. 23B

Panel B

Renilla Luciferase

RLU 3500 ‘ **’%ﬁ e - #“Mh‘,

: ey
iﬁ, i P ER T

T T

L e THOAH g 1 i i L P kA '

m . . B : by : = i : . e e WTh A el AT '
Ry T ' o : . A T L R e ey - T L :
; . L . “n f . - LI g

.i:'lqjil u

: . i, -"—-.. x e 7 ..\__. ) ; A . : kT !EE@_ ___E '-_. 1 n X ; . - i Pk ?ﬂr ! .- - . _. .. -I_ I

——p— R enilia Dual Assay

- . E 1. \!EE
H ;'1;."‘:"." S .I" . S |":-.'. .::'l_ '.:-. _._-.:rl.,: % . a: ﬁh :3 r‘i:%' ' ' L . = L L
1 U{H l ; jin o, '\!','-ﬁ.'r'..',.-,':a:..* I PR AN R s o R R ———— m?:il ﬁ% .%‘"i i Iéﬁﬁrﬁsﬁ hﬁ‘hﬁﬁﬁ& :
y g Tt el R e g Ml e el ot i : &
[T - al e - - .

1500 }*ﬂaf“”‘ DY e Ti.“’:':iﬁ‘-'.' i A I e - Y : st “-%f = ME::I:-"!IR? Pok 3 A

—_—
A B

SERLIY : . A o i e : : 3y
. 210 ik LS W Tk e i i £ AT
I ﬂ 4 ﬂﬁﬁiﬁ?xﬁ:‘h ':E‘_-hd I-ia- Pbal Teo R J“ Al s HE -e-'«.ﬁ.ﬁ?ﬁﬁ, T &1 ik
"

L] L)

0 20 40 60 80 100




U.S. Patent May 31, 2016 Sheet 28 of 42 US 9,353,401 B2

F1G. 24

Vargula (463nm) and Green Renilla (527nm)
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FI1G. 25

Triple Luciferase Assay
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US 9,353,401 B2
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FI1G. 27A

CMYV Red Firefly Luciferase plasmid sequence:

ORIGIN
1 gacggatcgg gagatctcce gatcccctat ggtcgacict cagtacaatc igcicigatg

61 ccgcatagtt aagccagtat ctgctccctg ctigtgtgtt ggagategcet gagtagtgeg

121 cgagcaaaat ttaagctaca acaaggcaag gctigaccga caattgcatg aagaatctgc
181 ttagggttag geattttgcg ctgcttcgeg atgtacggge cagatatacg cgtigacatt

241 gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata

301 tggagttccg cgttacataa cttacggtaa atggccegcec tggcigaccg cccaacgace
361 cccgeccatt gacgtcaata atgacgtatg ttcccatagt aacgcecaata gggacttice
421 attgacgtca atgggtggac tatttacggt aaactgccca cttggcagta catcaagigt

481 atcatatgcc aagtacgccc cctattgacg tcaatgacgg taaatggeccce geciggeatt
541 atgcccagta catgacctta tgggacttic ctacttggca gtacatctac gtattagtca

601 tcgctattac catggtgatg cggttttgge agtacatcaa tgggcegtgga tagcggtttg

661 actcacgggg atticcaagt ctccacccca tigacgtcaa tgggagtitg ttttggcacc

721 aaaatcaacg ggactttcca aaatgtcgta acaactccge cecattgacg caaatgggceg
781 gtaggcgtgt acggtgggag gictatataa gcagagctcet ctggctaact agagaaccca
841 ctgcttactg gcttatcgaa attaatacga ctcactatag ggagacccaa gcttggtacce

901 gagctcggat ccagccacca tggaaacaga aagagaagaa aacgtigtct acggeccact
061 gccattctac ccgatcgagg agggcteige cggeatccaa ttgcacaagt acatgcaaca
1021 atacgccaag ctcggegceca tegecticag taacgeccetg acaggcegtcg acatcagceta
1081 ccagcagtac ttcgacatca cgtgcagact cgccgaggct atgaagaact acggcatgaa
1141 gccagaagga cacatcgctc tetgtagega gaactgegaa gagttctica ttccigiict
1201 ggctggtctt tacatcggag ttacagtcge gccaactaac gaaatttata cactiagaga
1261 gctgaaccac agtctgggga tagcccaacc tactatcgta ttctctagca ggaagggect
1321 gcccaaagtg cttgaggtge agaagaccgt gactigcatc aaaaccattg tcatccigga
1381 cagtaaggtc aacticggeg gttatgactg cgtagagacc ticattaaga aacacgtcga
1441 gctgggcttt cctgecacct catttgtgee catcgacgtc aaagaccgga agcaccacat
1501 tgctctgcett atgaactctt ccggttccac agggcetgece aaaggagtag agatcacica
1561 cgaggccctg gtcacgagat tctetcacge taaggaccct atatacggca aicaggiggce
1621 cccaggtacc gctatcctga cigtegtgec tticcaccac ggceticggaa tgiicaciac
1681 fitgggciac tttgcctgeg gttaccggat igtcatgcett actaagttcg acgaggagct
1741 titcctgecge acacttcagg attacaagtg cactacagta atcctggtge cgacactgtt
1801 cgcaattctt aataggtctg agctcctiga taagtttgac ctctctaacc tgactgaaat
1861 agccagceggt ggtgcetccac ttgeccaagga gatcggegag gotgttgcaa gaagaticaa
1921 cctcccaggce gtecggeagg gatatggact caccgagact accagtgcect ttatcatcac
1981 tcctaaggge gacgacaagc cgggagcecag cggcaaggtc gtgectcigt tcaaggtgaa
2041 gattattgac ctcgatacca agaaaacgtt gggtgtcaac agacggggag aaatctgegt
2101 gaaaggacca tctcttatgt tgggatacac gaacaatcct gaagccacca gagaaactat
2161 tgacgaggaa ggctggcetge acacgggtga catcgggtac tacgacgagg atgagcactt
2221 ctttatagtc gaccgectga aatctctcat taagtataaa ggataccaag tgccaccagce
2281 tgaactggag tctgtgctee tgcaacaccc taacattaga gatgetggtg tggecggggt
2341 tcccgacagce gaggcaggceg agcetgectgg agecgtegtt gtgatggaaa agggaaagac
2401 aatgactgag aaagaaatcg tagactatgt aaactcccag gtggtcaacc acaageggct
2461 gaggggeggc gtgeggttcg tagatgaagt ccccaagggg ctcacaggaa agatcgacgc
2521 gaaagttatc agggagatac tcaagaaacc tcaagcaggt gggtagtcta gaaataatic
2581 ttactgtcat gccaagtaag atgctttict gtgctgcaat agcaggceatg ctggggatgce
2641 ggtgggctct atggcttctg aggcggaaag aaccagcetgg ggctctaggg ggtatcccea
2701 cgcgcecctgt ageggegeat taagegegge gggtgtggtg gitacgcgea gegtgacege
2761 tacacttgcc agegecctag cgeccgctec tttegctttc ticccticet tictcgecac
2821 gttcgecggc tttcceegte aagcetctaaa teggggeatc cetttagggt teccgatitag
2881 tgctttacgg cacctcgacc ccaaaaaact tgattagggt gatggticac gtagtgggcece
2941 atcgccctga tagacggttt ttegeccttt gacgtiggag tccacgtict ttaatagigg
3001 actcttgtic caaactggaa caacactcaa ccctatcteg gtctatictt ttgatttata
3061 agggattttg gggatttcgg cctatiggit aaaaaatgag ctgatttaac aaaaatttaa
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FIG. 278

3121 cgcgaattaa ttctgtggaa tgtgtatcag ttagggtgtg gaaagtccec aggcetcececea
3181 ggcaggcaga agtatgcaaa gcatgcatct caattagtca gcaaccaggt gtggaaagtc
3241 cccaggctice ccagcaggca gaagtatgca aagcatgcat cicaattagt cagcaaccat
3301 agtcccgcecc ctaactccgce ccatcecgec cctaactceg cecagticeg cecattctee
3361 gccccatgge tgactaattt ttittatita tgcagaggcc gaggecgcect ctgectetga

3421 gctattccag aagtagtgag gaggcttttt tggaggcecta ggctitigca aaaagctccc
3481 gggagcttgt atatccattt icggatctga tcaagagaca ggatgaggat cgtttcgeat
3541 gattgaacaa gatggattgc acgcaggtic tccggecgcet tgggtggaga ggctaticgg
3601 ctatgactgg gcacaacaga caatcggcetg cictgatgec geegtgttce ggcetgtcage
3661 gcagggagacgc ceggticttt tigtcaagac cgacctgtce ggtgccectga atgaactgea
3721 ggacgaggca gcgeggctat cgtggctgge cacgacgggce gttccttgeg cagctgtgcet
3781 cgacgttgtc actgaagcgg gaagggactg gctgctattg ggcgaagtge cggggcagga
3841 tctcctgtea tetcaccttg ctectgecga gaaagtatce atcatggcetg atgcaatgceg

3901 gecggcetgceat acgcttgatc cggctacetg cccattcgac caccaagega aacatcgceat
3961 cgagcgagca cgtactcgga tggaagcecgg fctigtcgat caggatgatce tggacgaaga
4021 gcatcagggg cicgegccag ccgaactgtt cgccaggctc aaggcecgcegcea tgcccgacgg
4081 cgaggalcic gtcgtgaccce atggcgatgc ctgctigecg aatatcaigg tggaaaatgg
4141 ccgcttitct ggattcatcg actgiggccg getgggigtg gecggaccgct atcaggacat
4201 agcgttggct acccgtgata tigetgaaga gcetiggecggce gaatgggcetg accgcticct
4261 cgtgctitac ggtatcgecg cteccegatte gecagcegceatc gectictatc gecticttga

4321 cgagticttc tgagcgggac tctggagtic gaaatgaccg accaagcgac geccaacctg
4381 ccatcacgag atttcgattc caccgccgcec tictatgaaa ggttgggctt cggaatcgit
4441 ttccgggacg ccggctggat gatcectccag cgeggggatc tcatgeitgga gticticgec
4501 caccccaact tgtttattgc agcttataat ggttacaaat aaagcaatag catcacaaat
4561 ttcacaaata aagcatittt ticactgcat tctagtigtg gtttgtccaa actcatcaat

4621 gtatcttatc atgtctgtat accgtcgacc tctagectaga gettggegta atcatggtca

4681 tagctgtitc ctgtgtgaaa tigttatccg ctcacaattc cacacaacat acgagccgga
4741 agcataaagt gtaaagcctg gaggtgcctaa tgagtgagct aactcacatt aattgegttg
4801 cgctcactge ccgcetttcca gtcgggaaac ctgtegtgece agcetgeatta atgaatcggce
4861 caacgcgcegg ggagaggcegg tttgegtatt gggcegctctt ccgceticcte getcactgac
4921 tcgcetgeget cggtegttcg getgeggega geggtatcag ctcacicaaa ggeggtaata
4981 cggttatcca cagaatcagg ggataacgca ggaaagaaca tgtgagcaaa aggccagcaa
5041 aaggccagga accgtaaaaa ggccgcegitg ctggcegtttt tccataggcet cecgeccccct
5101 gacgagcatc acaaaaatcg acgctcaagt cagaggtggc gaaacccgac aggaciataa
5161 agataccagg cgtttcccece tggaagctcc ctegtgegct ctectgttce gaccctgecg
5221 cttaccggat acctgtcegce ctitctecect icgggaagceg tggegcttic tcaatgctca

5281 cqgctgtaggt atctcagttc ggtgtaggic gttcgctceca agetgggcetg tgtgcacgaa
5341 ccceecegtitc ageccgaccg ctgegectta tccggtaact ategtettga gtccaaccceg
5401 gtaagacacg acttatcgcc actggcagca gecactggta acaggatiag cagagcgagg
5461 tatgtaggcg gtgctacaga gttcttgaag tggtggccta actacggcta cactagaagg
5521 acagtatttg gtatctgcgc tctgctgaag ccagttacct icggaaaaag agtiggtagce
5581 tcttgatccg gcaaacaaac caccgcetggt ageggtgatt ttittgttig caagcagceag
5641 attacgcgca gaaaaaaagqgg atcicaagaa gatccttiga tcttitctac ggggtctgac
5701 gctcagtgga acgaaaactc acgttaaggg atittggtca tgagattatc aaaaaggatc
5761 ttcacctaga tecttttaaa ttaaaaatga agttttaaat caatctaaag tatatatgag

5821 taaacttggt ctgacagtta ccaatgctta atcagtgagg cacctatctc agcgatcigt
5881 ctatttcgtt catccatagt tgcctgacte ccegtegtgt agataactac gatacgggag

5841 ggcttaccat ctggccccag tgetgecaatg ataccgegag acccacgctc accggcetcca
6001 gatttatcag caataaacca gccagecgga agggccgagce gcagaagtgg tcctgcaact
6061 ttatccgect ccatccagtce tattaatigt tgccgggaag ctagagtaag tagttcgcca

6121 gttaatagtt tgecgcaacgt tgttgccatt gctacaggcea tegtggtgic acgctegtceg

6181 titggtatgg cttcaticag ctccggticc caacgatcaa ggcgagttac atgatccccc
6241 atgttgtgca aaaaagcggt tagctcctic ggtcctccga tegtigicag aagtaagtig
6301 gcegeagigt tatcactcat ggttatggca gecactgcata aticicttac tgicatgcca
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FI1G. 27C

6361 tccgtaagat gctttictgt gactggtgag tactcaacca agtcatictg agaatagigt
6421 atgcggcgac cgagttgcetc tigcccggeg tcaatacggg ataataccge geccacatage
6481 agaactitaa aagtgctcat cattggaaaa cgttcticgg ggcgaaaact ctcaaggatc
6541 ttaccgctgt tgagatccag ttcgatgtaa cccactcgtg cacccaactg atcticagcea
6601 tcttttactt tcaccagcegt tictgggtga gcaaaaacag gaaggcaaaa tgccgcaaaa
6661 aagggaataa gggcgacacg gaaatgtiga atactcatac tcticcttit tcaatattat
6721 tgaagcattt atcagggtta ttgtctcatg agcggataca tatttgaatg tatttagaaa

6781 aataaacaaa taggggticc gcgcacattt ccccgaaaag tgccacctga cgtc
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A mammalian expression vector expressing Red emitting firefly luciferase (human codon optimized signal) under
control of the CMYV promoter) (SEQ 1D NO: 3)

Size: 6827 bases

]
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141]
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
- 2401
2461
2521
2581
264
270
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301

gacggafcgg gagatcicce gatcccctat ggtcgacict cagtacaale tgetcigatg

ccgceatagtt aagecagtat ctgeteectg ctigtgigtt ggagotepct gagtagtgcy
cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcalg aagaatcige
ttagggttag gegttitgeg ctgettcgeg atgiacggge cagatatacg cgligacatt
gattattgac tagfiattaa tagtaatcaa ttacggggtc attagticat agcccatata
tggagticcg cgttacataa cttacggtaa atggeecgec {ggctgaccg cccaacgace
cccgeccatt gacgtcaata atgacgtatg ttecccatagt aacgecaata gggacttice
attgacgtca atgggtegac tatttacggt aaactgcecca cliggeagta catcaagigl
atcatatgcc aagtacgecce cctattgacg tcaatgacgg taaatggecc gectggceatt
atgcccagta catgacctta tggeactttc ctactiggca gtacatctac glattagica
tcgctattac catggtgatg cggtittgge agtacatcaa tgggegtgga tageggtity
actcacgggge atticcaagt ctccaccceea tigacgtcaa tgpgagltio tittgocace
aaaatcaacg ggactiicca aaatgtcgla acaactccgce cccatigacg caaatggocy
gtaggeptgt acggtggeag gictatataa geagagctct ctggctaact agagaaccea
ctgcttactg gettatcgaa attaatacga ctcactatag ggagacccaa getiggtace
gagcicggat ccatggaaac agaaagagaa gaaaacgltg tctacggecc actgeocatic
tacccgateg aggaggectc tgecggeate caatfgeaca agiacatgea acaatacgec
aagctcggcg ccatcgectt cagtaacgece ctgacaggeg icgacatcag ctaccageag
tacticgaca tcacgtgcag actcgecgag getatgaaga actacggeat gaagecagaa
gpacacatcg ctetetgtag cgagaactge gaagagttct tcattectgt tetggeiggt
ctitacatcg gagttacagt cgcgecaact aacgaaattt atacacttag agagctgaac
cacagtctgg ggatagccca acctactate gtaticicta gcaggaaggg cctgeccaaa
otgcttgagg tgcagaagac cgtgactige atcaaaacca ttgicatect ggacagtaag
gtcaacticg geggttatga ctgcgtagag accticatta agaaacacgt cgagctgggc
titcctgeea ccteatttgt geccatcgac gicaaagace ggaagceacca catigetelg
cttatgaact cticcggtic cacagggctg cccaaaggag tagagatcac 1cacgaggcec
ctggtcacga gaittctctca cgetaaggac cctatatacg geaatcaggt ggecccaggl
accgetatee tgactgtegt gectttecac cacggeiteg gaatgtteac tactitggec
tacttigeet goggttaceg gattgicatg cttactaagt tcgacgagga gottitccty
cgcacactic aggattacaa gtgeactaca gtaatcctgg tgccgacact gitcgeaatt
cttaataggt ctgagctcet tgataagttt gacctetcta acctgactga aatagecage
gpteotoctc cacttgecaa ggagategge gaggetgiig caagaagatl caacciccca
gpcgtecggc agggatatgg actcaccgag actaceagtg cotitatcat cactcctaag

gocgacgaca ageegggage cageggeaag gtegtgecte tgticaaggl gaagattatt

caccticgata ccaagaaaac gtigggtgic aacagacggy gagcaaatcig cgtgaaagga

ccatcictta tgttggeata cacgaacaat cetgaageca ccagagaaac tattgacgag
gaaggctgec tgeacacggg tgacategge tactacgacg aggatgagea clictitata
gtcgaccgee tgaaatetet cattaagtat aaaggatace aagtgccace agelgaactg

gagtctgtec tectgeaaca cectaacatt agagatgetg gtgtggecgg ggticeegac

agegaggcag gogagetgece tggagecgtic gigtoatgg aaaagggaaa gacaargact

gagaaagaaa tcgtagacta tgtaaactce caggigglca accacaageg gelgaggesc
gecatecgat tegtagatga agiccccaag gggetcacag gaaagatega cgegaaagtt
atcagggaga tactcaagaa acctcaagea ggigggtagt ctagatctag aaataattct
tactgtcatg ccaagtaaga tgctittctg tgctgcaata geaggeatge t2gggatgeg
glgggcteta tggetictga gpeggaaaga accagetggg getctaggegg glatccecac

gegecetgta geggegeatt aagegeggeg gotpteptgg ttacgegeag CELgacegCl

acacttgcca gegecctage gecegetect ticgettict tecottectt tetcgecacg
ttcgccggct ticcccgtca agetctaaat cgggeacatce ciitagggtt cegattiagl
gctttacgge acctegacce caaaaaactt gatiagggte atggticacg tagigggcca
tcgeoctgat agacggtttt tcgecctitg acgitggagt ccacgtictt taatagigea
ctettgttce aaactggaac aacactcaac cctatctcgg fctattctit tgatitataa
ggoatittgg ggatttcggc ctattggtta aaaaatgage tgatitaaca aaaatttaac
ocgaattaat tetgiggaat gtgtgtcagt tagggigigg aaagicceca ggetecccag
gcaggcagaa gtatgeaaag catgeatctc aattagtcag caaccaggtg tggaaagicce
ccaggcetcce cageaggcag aagtatgcaa agceatgceate tcaattagic agcaaccata
gtcccgeoece taactccgee catccegece ctaactcege ccagticege ceatictecg
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ccccatggct gactaatttt tittatitat gcagaggcecg aggecegectce tgectcigag
ctaticcaga agtagigagg aggctititt ggaggcciag gctitigcaa aaagetcecg
geagcttgta tatccattit cggatctgat caagagacag gatgaggatc gittcgeatg
attgaacaag atggatigca cgcaggtict ccggecgett ggatggagag gctaticggc
tatgactgeg cacaacagac aatcggcetgc tetgatgecg cegtgticcg getgtcageg
cagggecgce cggtictitt tgtcaagacc gacctgtecg gtgccctgaa tgaactgeag
gacgaggcag cgeggctate gtegctggce acgacgggceg ttecttgege agetgtgcte
gacgttgrca ctgaagcggeg aagggactgg ctgetattgg gegaagtgec gggecaggat
ctectgicat ctcaccttge tectgecgag aaagtatccea teatggetga tgcaatgegg
cggctocata cgetigatce ggctacctge ccaticgacc accaagegaa acatcgealc
gagcgagcac gtactcggat ggaagecggt ctigtcgale aggatgatct ggacgaagag
catcagggec fcgegecage cgaactgtte gecaggetca aggegegeat geecgacggc
gaggalCicg tcgtgaccca tggegatgcec tgcttgecga atatcatggt ggaaaatggc
cgctttictg gattcatcga ctgtggccgg cigggtetag cggaccgceta tcaggacata
gcgttgacta ccegtgatat tgctgaagag cttggeggceg aatggeciga ccgeticctc
gtgctttacg gtatcgecge tccegalicg cagegcealcg cetictatcg ccttcttgac
gagtictict gagcgegact cltggggticg aaatgaccga ccaagegacg cccaacctgc
catcacgaga tticgaticc accgccgcect tetatgaaag gtiggectic ggaatcgttt
tccggpacgc cogctggatg atcctccage geggggalct catgetgeag ticticgcce
accccaactt gtttatigca gettataatg gttacaaata aagcaatagc atcacaaatt
tcacaaataa agcatttttt tcactgcatt ctagttgtgg tttgtccaaa ctcatcaatg
tatcttatca tgtctgtata ccgicgacct ctagctagag ctiggcgtaa tcatggicat
agcigtitcc tgigtgaaat tgttatccge tcacaaticc acacaacata cgagecggaa
gcataaaptg taaagectgg ggtecctaat gagtgagcta actcacatia attgegtige
gcteactgec cgetttccag tcggpaaacc tgtecgtgeca getgeatiaa tgaatcggcec
aacgegeggg gagaggecgat ttgcgtattg gecgCicitc cgeticcicg cicactgact
cgcetgegcete ggtegticgg ctgeggegag cggtatcage tcactcaaag geggtaatac
ggttatccac agaatcaggg gataacgcag gaaagaacat gtgagcaaaa ggccagcaaa
aggccaggaa ccgraaaaag geegegtige tggegttttt ccataggcetc cgeccecctg
acgagcatca caaaaatcga cgctcaaglic agaggiggcg aaacccgaca ggaciataaa
gataccaggce gtttccecct ggaagcteec tegtgegctc tectgticcg accetgecec
ttaccgpata cctgtccgec tttctecctt cgggaagegt ggcgCtitict caatgcetcac
gctgtaggota tctcagticg gtetaggtcg ticgciccaa getggecigl gtgcacgaac
cccecgtica geeegaccge tgegectiat ccggtaacta tegictigag tccaaccegg
taagacacga cttatcgcca ctggcageag ccactggtaa caggatiage agagegaggl
atgtaggcgg tgctacagag tictigaagt getgecctaa clacggcetac actagaagga
cagtatitgg tatctgcgcet ctgctgaage cagttacctt cggaaaaaga gttggtagcet
cttgatccgg caaacaaacc accgetggta geggtggitt ttttgtitge aagcageaga
ttacgcgcag aaaaaaagga tctcaagaag atccittgat cttitctacg gggictgacg
Ctcagtggaa cgaaaactca cgttaaggga ttttggtcat gagatiatca aaaaggatct
tcacctagat ccftttaaat taaaaatgaa gttttaaatc aatctaaagt atatatgagt
aaacttggtc teacagtiac caatgcttaa tcagtgaggc acctatctca gegatcigic
tatttcgttc atccatagtt gocctgactce cegicgtgta gataactacq atacgggage
gcttaccate tggecccagt getgecaatga taccgegaga cccacgclca cecggetecag
atttatcagc aataaaccag ccagecggaa gggecgageg cagaagtgget cetgcaactt
tatccgcecte catccagtet attaatigit geccgggaage tagagtaagt agttcgecag
ttaatagttt gcgcaacgtt gttgccattg ctacaggcat cgtggtoica cgetegiegt
ttggtatgec ticaticage tccggticcc aacgatcaag gegagitaca tgatccccca

tgttgtecaa aaaageggtt agetecticg gicctccgat cgitgtcaga agtaagiigg
ccgeagtgtt atcactcatg gttatggcag cactgcataa ttctctiact gtcatgecat

ccgtaagatg ctitictgtg actggtgagt actcaaccaa gicattctga gaatagteta
tgcggegace gagttgctet tgcccggcegt caatacggga taataccgceg ccacatagea
gaactttaaa agtgetcatc attggaaaac gticticggg gcgaaaactc caaggatct
taccgcetgtt gagatccagt tcgatgtaac ccactcgtge acccaaciga tcttcagceat
ctittacttt caccagcegtt tctgggtgag caaaaacagg aaggcaaaat gccgcaaaaa
agggaataag ggcgacacgg aaatgtigaa tactcatact cttcctitit caatattatt
gaagcattta tcagggtiat tgtctcatga gcggatacat atttgaatgt atttagaaaa
ataaacaaat aggggttccg cgeacatitc cccgaaaagt gecacctgac gic
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Sequence and Features of pCMV GrFLUC Vector:

A mammalian expression vector expressing human codon optimized green firefly luciferase (Luciola Italica)
under control of the CMYV promoter (SEQ ID NO: 4)

Size: 6827 bases

pCMV-GrFLuc (6827 bp)

CMYV promoter bases: 209-863

Green emitting firefly luciferase gene: 907-2560
T7 promoter bases: 1827-1845

Polylinker bases: 1852-1870

SP6 promoter: 2576-2593

Synthetic polyadenylation site: 2560-2604
SV40 promoter bases: 3145-3480

SV40 ongm of replication: bases: 3259-3344
Neomycin ORF : bases 3516- 4310

SV40 PolyA: bases 4365-4737

ColEl ongin: bases 3934-4607

Ampicillin ORF: bases 4752-5612

]

gacggatcgg gagatctcee gatceectat ggtegactct cagtacaate tgetctgatg

61 ccgcatagit aagccagtat ctgcteoctg ctigtgtgtt ggaggteget gagtagtpcg
121 cgagcaaaat ttaagctaca acaaggeaag gettgaccga caattgeatg aagaatctgc
181 ttagggttag gegttttgeg ctgeticgeg atgtacgggce cagatatacg cgttgacatt
241 gattattgac tagtiattaa tagtaatcaa ttacggggtc attagticat agcccatata
301 tggagttccg cgttacataa cttacggtaa atggeccgece tggetgaccg cccaacgace
361 cceogeccatt gacgtcaata atgacgtatg ttcccatagt aacgccaata gggacttice
421 attgacgtca atgggtgeac tatttacggt aaactgccca ctiggeagta catcaagtgt
481 atcatatgcc aagtacgecc cctattgacg tcaalgacgg taaatggece gectggcatt
341 atgcccagta catgacctta tgggacitte ctacttggea gtacatctac gtattagtca
601 tcgctattac catggtgatg cggtittggc agtacatcaa tgggcgtgea tageggtity
661 actcacgggg atttccaagt ctccacceca ttgacgtcaa tgggagtttg tittggeace
721 aaaatcaacg ggactttcca aaatgtcgta acaactccge cecattgacg caaatgggcg
781 gtaggegtgt acggtgggag gtctatataa gecagagcetct ctggctaact agagaaccca
841 ctgcttactg gettatcgaa attaatacga ctcactatag ggagacccaa gettggtace
901 gagctcggat ccatggaaac agaaagagaa gaaaacgitg tetacggecce actgecattc
961 tacccgatcg aggagggcte tgecggceate caattgcaca agtacatgca acaatacgcc

1021 aagctcogeg ccategectt cagtaacgece ctgacaggceg tcgacatcag ctaccageag
1081 tacticgaca tcacgigcag actcgecgag getatgaaga actacggeat gaagecagaa
1141 ggacacatcg ctctctgtag cgagaactge gaagagtict tcattcctgt tetggetegt
1201 ctitacatcg gagttacagt cgcgecaact aacgaaattt atacacttag agagctgaac
1261 cacagtctgg ggatagecca acctactate glattctcta gcaggaaggg cctgeccaaa
1321 gtgctigagg tgcagaagac cgigacttge atcaaaacca ttgtcatect ggacagtaag
1381 gtcaacttcg geggttatga ctgegtagag accticatta agaaacacgt cgagetggge
1441 tttcctgeca coteatitgt geccatcgac gtcaaagace ggaageacca cattgetetg
1501 cttatgaact cttccggttc cacagggctg cccaaaggag tagagatcac tcacgaggecc
1561 ctggtcacga gatictctca cgetaaggac cctatatacg gcaatcaggt ggecccaggt
1621 accgctatce tgactgteat cectticcac cacgecticg gaatgageac tactttgegc
1681 tactttgect gegpttaceg gattgteatg cttactaagt tcgacgagga gettttectg

1741 cgcacacttc aggattacaa gtgcactage gtaatcctgg tgccgacact gttcgeaatt
1801 cftaataggt ctgagctect tgataagtit gacctctcta acctgactga aatagecage
1861 ggtggtectc cactigecaa ggagatcgee gaggctgttg caagaagatt caacctceea
1921 ggegteegge agggatatgg actcaccgag actaccagtg ccttiatcat cactectaag
1981 gpcgacgaca ageegggage cageggeaag gregtgectic tgttcaaggt gaagattatt
2041 pgacctcgata ccaagaaaac gitgggtgic aacagacggg gagaaatctg cpteaaaga
2101 ccatctctta tgttgggata cacgaacaat cctgaageca ccagagaaac tattgacgag
2161 gaaggctgoc tgcacacggg tgacatcggg tactacgacg aggatgagcea cticttiata
2221 gtegaccgec tgaaatctct cattaagtat aaaggatace aagtgecace agetgaactg
2281 gagtectgtge tcctgecaaca ccctaacatt agagatgete gtgtggecgg gaticcegac
2341 agcgaggcag gegagetecc tggageegte gitetgatge aaaagggaaa gacaatgact
240] gagaaagaaa tcgtagacta tgtaaactcc caggtgatca accacaageg getgagpeec
2461 ggegtgegpt togtagatga agiccccaag gggetcacag gaaagatcga cgegaaagtt
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atcagggaga tfactcaagaa acctcaagca ggtgggtagt ctagaaataa ttcttactgt
catgccaagt aagatgcttt tetgtgetge aatagcagge atgetgggga tgcggtggec
tctatggctt ctgagpcgea aagaaccage tgggectcta ggopotatee ccacgegecc
tgtagcggcg cattaagege gecggptote gtopttacge geagegtgac cgctacactt
gecagegecec tagegccege tecttteget tictteectt cetttctege cacgttcgec
ggctitccce gtcaagetct aaatcggggec atcectitag ggttccgatt tagtecttta
Cggcraccicg accccaaaaa actigattag ggtgatgett cacgtagtgg gecatcgecc
tgatagacgg fttttcgece tttgacgttg gagtccacgt teittaatag tggactcttg
ticcaaactg gaacaacact caaccctatc tcggtctatt cttttgattt ataaggeatt
tiggggatit cggectattg gttaaaaaat gapgctgattt aacaaaaatt taacgcgaat
taattctgte gaatotetot cagttagest gtggaaagtc cccaggetee ccagecagec
agaagialgc aaagcatgcea tctcaattag tcagcaacca ggtgtgeaaa gtecccagge
lccccageag geagaagtat geaaageatg catcteaatt agtcageaac catagteeeg
CCcctaacic cgeccatcee gocectaact cegeceaglt ccgeccatte tecgecceat
gectgactaa titittttat ttatgcagag gecgaggecg cetetgecte tgapgetattc
Cagaaglagt gaggagoctt tittggapoc ctaggcttit geaaaaagct cccgggagct
(gtatatcca tiitcggatc tgatcaagag acaggatgag gatcgtitcg catgattpaa
Caagatggal tgcacgcagg ttctecgace gottggetge agagectatt cggetatgac
tgggcacaac agacaatcgg ctgetetgat geecgeegigt tecggetgte agegcaggee
cgeecggtic fitttgtcaa gaccgacctg tecggtecee tgaatgaact geaggacgag
geagegegac tatcgtoact ggccacgacg ggegttectt gcgeagetgt getegacgtt
gicactgaag cgggaaggga ctggetgeta ttgggcgaag teceggggca ggatetectg
lcatctcacce ttgetectge cgagaaagta tecateatgg ctgatgeaat geggeggetg
catacgcltg atccggcetac ctgeecattc gaccaccaag cgaaacateg catcgageea
gecacgtactc ggatggaage cggtettgtc gatcaggatg atctggacga agageatcag
gggclcgege cageegaact gticgccagg ctcaaggege geatgecega cggegaggat
clcgtegtga cccatggega tgectgettg ccgaatatea tggtggaaaa tgpccgcttt
ictggatica tcgactgigg ccggctggat gtggeggace getatcagga catagegtig
getaccegtg atattgetga agagettgec ggegaatggg ctgacegctt cotegtgctt
tacggtatcg ccgctecega ttegeagege atcgectict ategecttet tgacgagtic
tictgagegg gactctgggg ticgaaatga ccgaccaage gacgeccaac ctgecateac
gagatitcga ttccaccgec gecttctatg aaaggttges cttcggaate gttttcegge
acgcegectg gatgatecic cagegeggeg atctcatget ggagtictte geecacceca
actigtttat tgcagctiat aatggttaca aataaagcaa tagcatcaca aatttcacaa
ataaagcatt titticactg cattctagtt gtggttigic caaactcatc aatgtatcit
atcatgtctg tataccgicg acctctaget agagettgge gtaatcatgg teatagetgt
ticctgtgte aaattgttat ccgetcacaa ticcacacaa catacgagcee ggaageataa
agtgtaaage ctgggetocce taatgagtga getaactcac attaattgeg ttgegetcac
tgccegcitt ccagteggga aaccigicgt goccagetgea ttaatgaate ggecaacgeg
Cggggagagg cggliigegt attggacgct cticcgette ctegetcact gacicgetgc
getcggtegt tegaetgcgp cgagegotat cagetecactc aaaggeggta atacggttat
Cccacagaatc agggpeataac gcaggaaaga acatgtgage aaaaggecag caaaagecca
ggaaccgtaa aaaggccgeg ttgetggcegt tittccatag getccgeccc cetgacgage
atcacaaaaa tcgacgcica agtcagaggt ggcgaaacce gacaggacta taaagatacc
aggcgttice cectggaage teectegtee geteteetgt teegaccectg cegettaceg
gataccigtc cgectttete cettcgggaa gegtggegct tictcaatge tcacgcteta
ggtatctcag ttcggtatag gtegticgct ccaagetggg ctgtgtgcac gaacceeeeg
tticagcecga cegetgcgec ttatceggta actatcgict tgagtccaac cegetaagac
acgacttatc gccactggea geagecactg gtaacaggat tagecagageg aggtatgtag
geggtectac agagticttg aagtgetgoc ctaactacgg ctacactaga aggacagtat
ttggtatctg cgetctgeig aagecagita cettcggaaa aagagttogt agetetteat
CCggclaaaca aaccaccgcet gglagcgote gittitiigt ttgcaapgcag cagattacgc
gcagaaaaaa aggatctcaa gaagatcctt tgafctitic tacggggtct gacgetcagt
ggaacgaaaa ctcacgttaa gggatitteg tcatgagatt atcaaaaagg atcttcacct
agatcctitt aaattaaaaa tgaagtttta aatcaatcta aagtatatat gagtaaactt
ggtctgacag ttaccaatgce ttaatcagtg aggcacctat ctcagegate tgtetatttc
gticatccat agttgectga ctecccgteg tgtagataac tacgatacgg gagggcttac
catctggecc cagtgctgca atgatacege gagacccacg ctecaceggcet ceagatttat
Cagcaatana ccagccagece ggaaggpccg agegeagaag tggtectgea actttatecg
ccteccalcca gictattaat tgttgceggg aagetagagt aagtagticg ccagttaata

gttigcgcaa cgtigttgec attgetacag gcatcgiggt gtcacgetecg tegtttggta
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FIG. 31C

6181 tggcticatt cagctceggt tcccaacgat caaggegagt tacatgatce cecatgttgt
6241 gcaaaaaagc ggttagctce ttcggtecte cgatcgtigt cagaagtaag ttggccgeag
6301 tgttatcact catggttatg gcagcactge ataattctct tactgtcatg ccatccgtaa
6361 gatgctittc tgtgactggt gagtactcaa ccaagtcatt ctgagaatag tgtatgcgec
6421 gaccgagttg ctettgeccg gegtcaatac gggataatac cgegecacat agcagaactt
6481 taaaagtgct catcattgga aaacgtictt cgggecgaaa actctcaagg atcttaccge
6541 tgttgagatc cagttcgatg taacccacte gtgcacccaa ctgatctica geatctttta
6601 ctttcaccag cgttictgge tgagcaaaaa caggaaggca aaatgccgea aaaaagggaa
6661 taagggcgac acggaaatgt tgaatactca tactcttcct ttttcaatat tattgaagea
6721 ftttatcaggg ttattgtctc atgagcggat acatatttga atgtatttag aaaaataaac
6781 aaataggggt tccgegeaca tttccccgaa aagtgecace tgacgtc
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FIG. 32A

The sequence of the CMV expression vector expressing human codon optimized Vargula luciferase under control of the
CMYV promoter (not the vargula huciferase sequence) is in bold.

CMYV promoter bases: 209-863
Vargula luciferase gene: 907—
T7 promoter bases: 864-882
Polylinker bases: 889-907

gacggatcgggoapgatciccegatcccctatggtegactcteagtacaatce tgeictgatgccgcatagttaagecagtatctgeteectgetigtetett
ggagglcgcigagtagtocgcgagcaaaatttaagctacaacaagecaag gcttgaccgacaattgcatgaagaatctgettaggpettagecgltttgeg
cigcitcgegatgtacgggccagatatacgegttgacattgattatigac (agttattaatagtaatcaattacgggatcattagticatagcecatata
tggagitccgegttacataacttacggtaaatggcecgectggctgaceg cccaacgaccceeegeccattgacgtcaataatgacgtatgtitcecatagt
aacgccaatagggactitccattgacgtcaatgggtggactatttacg gt aaactgcccacttggcagtacatcaagtgtatcatatgeccaagtacgece
cctatigacgtcaatgacggtaaatggccegectggceattatgcccagta Catgaccttatgggactttcctacttggcagtacatctacgtattagtca

tcgctattaccatggtgatgepettitgocagtacatcaatggeceteea tagc ggtttgactcacgggeatticcaagtctccaccccattgacgtcaa

tgggagitigitttgecaccaaaatcaacgggactttccaaaatgtegta acaactccgecccattgacgcaaatgggeggotaggegtgtacggtgggap
gictatataagcagagctctctggetaactagagaacccactgcettactg gcttatcgaaattaatacgactcactatagggagacccaagetiggtace

gagctc ATGAAGATAATTATCCTTICTGTGATTCTGGCTTACTGTGTTAC
AGTGAATTGTCAGGATGCATGTCCAGTAGAGGCGGAACCGCCATCTTCTA
CCCCGACCGTACCAACCTCCTGCGAAGCTAAAGAAGGGGAGTGCATCGAT
ACAAGGTGCGCTACCTGCAAACGGGATATCCTGTCCGACGGACTTTGCGA
AAATAAACCCGGGAAGACCTGCTGTCGAATGTGTCAGTATGTCATCGAAT
GCCGGGTCGAGGCCGCCGGTTATTTTAGAACATTTTACGGTAAACGGTTT
AATTTCCAGGAACCCGGCAAATACGTACTGGCTCGCGGCACCAAGGGTGG
CGACTGGAGCGTCACCCTGACAATGGAAAACCTGGACGGGCAGAAAGGAG
CCGTGCTTACTAAAACTACCCTGGAGGTGGCGGGAGACGTAATTGACATC
ACTCAGGCAACGGCTGACCCAATAACCGTGAACGGAGGAGCTGATCCCGT
GATTGCAAACCCTTTCACTATTGGCGAGGTCACGATTGCCGTCGTCGAAA
TTCCAGGCTTCAACATCACAGTGATCGAGTTCTTCAAGCTGATCGTCATT
GATATCCTCGGCGGACGGTCCGTTCGCATCGCACCTGACACAGCCAACAA
GGGCCTGATCTCTGGCATTTGTGGTAACTTGGAAATGAATGATGCTGATG
ACTTCACAACGGACGCCGACCAACTGGCCATTCAACCTAATATCAACAAA
GAGTTTGATGGATGTCCCTTTTACGGAAATCCTTCAGACATCGAATACTG
CAAAGGCCTCATGGAACCGTACCGGGCCGTTTGCAGAAATAACATCAACT
TCTACTATTATACTCTGAGCTGCGCATTTGCATACTGTATGGGCGGTGAG
GAGAGAGCCAAACATGTGCTTTTCGACTATGTGGAGACCTGCGCCGCCCC
GGAGACTCGCGGTACCTGCGTCCTGAGCGGCCATACCTTCTATGACACCT
TCGATAAGGCTAGGTACCAGTTCCAAGGGCCTTGCAAAGAGCTCCTGATG
GCCGCAGATTGTTACTGGAACACTTGGGACGTCAAAGTTTCCCATCGGGA
CGTAGAGAGCTACACGGAAGTTGAGAAGGTGACCATCAGGAAGCAGAGTA
CCGTCGTAGACCTGATCGTCGACGGCAAGCAGGTAAAGGTAGGAGGCGTG
GACGTTAGTATTCCGTATTCTTCTGAAAATACGAGCATCTACTGGCAGGA
TGGAGACATTCTGACAACCGCCATCCTTCCAGAAGCTCTGGTGGTGAAGT
TTAACTTCAAGCAGCTGCTGGTAGTGCACATTCGCGACCCATTCGACGGG
AAAACCTGTGGGATTTGCGGCAACTACAACCAGGACTCAACTGACGATTT
CTTTGACGCCGAAGGGGCTTGCGCTCTTACCCCAAATCCGCCTGGATGCA
CCGAAGAGCAAAAGCCTGAAGCGGAACGGCTGTGCAATTCACTGTTTGAT
TCTTCAATAGATGAGAAATGCAACGTGTGTTACAAACCTGACCGCATCGC
ACGCTGCATGTATGAGTATTGCCTGAGAGGTCAACAAGGGTTCTGCGATC
ACGCGTGGGAATTTAAGAAAGAATGCTACATAAAGCACGGGGATACATTG
GAGGTGCCGCCAGAATGCCAGTAGtctagaaataattctiacigicatgccaagtaagatgctitictgtectecaat
agcaggcatgeiggogatgcgateooctetatggettctgagecggaaag aaccagetgggectctagggeptatceccacgegecctgtageggcgcat
taagcgeggeggetgtoptoottacgcgcagegtgaccgctacactigec agegecctagegeccgciccttcgctticttcecttectitetcgecac
glicgecggctttccecgicaagetctaaatcggggcatcecittagggt tecgatttagtgctitacgpcacctcgace Ccaaaaaacitgaitagggt

gatggttcacgtagtgggccatcgecctgatagacggtttticgecctit gacgttggagtccacgtictttaatagtggactcttgticcaaactggaa
caacactcaaccctatcteggtctatictittgatttataagggattitg gpeatttcggectattggttaaaaaatgagctgatttaacaaaaatttaa

cgcgaattaattctgtgpaatptetotcagttaggatoto caaagtecce aggclccccaggeaggcagaagtatgcaaagceatgcatetcaattagica
gcaaccagglgtgeaaagtccecaggetceccageaggeagaagtatgea aagcatgcatctcaatiagtcagcaaccatagtcccgeccctaacteege
ccatceecgeccectaactecgeccagticecgeccattetececgecceatege tgactaattiitittatitatgcagaggecgaggecgectetgectetga
getattccagaagtagtgageaggctittitggagocctaggctitigea aaaagetcccgggagctigtatate cattticggatctgatcaagagaca

ggatgaggatcgrttcgcatgattgaacaagatggattgcacgcaggttc tccggccgcttgggtggagaggctattcggctatgactgggcacaacaga
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caatcggctgctctgatgecgecgtgticcggetgtcagegeagggecge ceggttetttttgtcaagaccgaccetgtecggtgccetgaatgaactgca
ggacgaggcagegceggcetatcgtggctggccacgacgggcgitectigeg cagetgtgcicgacgitgtcacigaagegggaagggactggctgctattg
ggcgaagtgccgggocaggatcicctgicatcicaccttgetcctgecga gaaagtatccatcatggetgatgcaatgeggeggcetgcatacgettgate
cggctacctgeccaticgaccaccaagegaaacategeatcgagegagea cgltactcggatggaagecggicttgtcgatcaggatgatctggacgaaga
gcatcaggggctcgegecagecgaactgticgecaggctcaaggegegea tgeeccgacgaegageatctecgicgtgaccecatggegatgcctgettgecg
aatatcatggtggaaaatggecgcttitctggattcatcgacigtggecg getgggtgtggcggaccgcetatcaggacatagegtiggetaccegigata
tigcigaagagettggegacgaatgggctgaccgeticcicgtgetttac getatcgecgetccegaticgcagegceatcgecttctategecttcttga
cgagtictictgagcgggactctggegticgaaatgaccgaccaagegac geccaacctgecatcacgagatttcgaticcaccgecgectictatgaaa

gattggocticggaatcgtittccgggacgecggctggatgatectecag cgeggggatctecatgctggagticticgecccaccccaacttgittattge
agcttataatggttacaaataaagcaatagcatcacaaatticacaaata aagcattittticactgcattctagtigtggtitgtccaaacicatcaat

gtatcttatcatgtctgtataccgicgacctctagctagagetiggegta atcatggtcatagetgtticctgteteaaattgitatcegetcacaattc
Cacacaacatacgagccggaagcataaagtgtaaagectgggatocctaa tgagtgagctaacicacattaattgegttgcgctcactgeccgetticca

gtcgggaaacctgtcgtgccagetgcattaatgaatcggccaacgcgegg geagaggcggtitogcgrattggocgctettccgeticctcgetcactgac
tcgetgcgcteggtcgticggcigeggegagegatatcagetcactcaaa geeggtaatacggitatccacagaatcagggeataacgecaggaadgaaca
tgigagCaaaaggccagcaaaaggccaggaaccgtaaaaaggecgcgtig ctggcegtitticcataggciccgeccccctgacgagcatcacaaaaalcg
acgcicaagtcagaggtggocgaaacccgacaggactataaagataccagg cgtitccecctggaagetccctegtgegetctectgiccgaccectgeeg
cttaccggatacctgtccgccttictcccticgggaagegiggcgctitc tcaatgetcacgetgtaggtatctcagttcggigtaggtegitcgeticca
agctggactgtgtgcacgaaccceccgticageccgaccgetgegcectita teccggtaactatcgtctigagiccaacceggtaagacacgacttatcgec
actggcagcagccactggtaacaggatiagcagagegagglatgtaggeg gtgctacagagtictigaagiggtggcctaactacggctacactagaage
acagtatttggtatctgcgctctgctpaagecagtiacciicggaaaaag agitggtagetcttgatccggeaaacaaaccaccgetggtageggioatt
ittttgtttgcaagecageagattacgcgcagaaaaaaaggatctcaagaa gaiccetitgatcttitctacgggotctgacgcicagiggaacgaaaactc
acgitaagggatttiggtcatgagattatcaaaaaggatcticacctaga {ccttttaaatiaaaaatgaagititaaatCaalctaaagtatatatgag
taaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctc agegatctgtctatttcgticatccatagtigectgacteccccgicgiat
agataactacgatacgggagggcttaccatctggecccagtgctgeaatg ataccgegagaccecacgcetcaccggctccagatttatcagcaataaacca

gecagecggaagggccgagegeagaagiggicctgeaactttatccgect ccatccagictattaattgttgeccgggaagclagagtaagtagttcgeca

gttaatagtttpcecaacgtigttgccattgctacaggeaicgiggtetc acgeicgicgiitggtatgecticatiicagciccggticccaacgaicaa

ggcgagttacatgatcccccatgtigtgcaaaaaageggttagetectic ggiccteccgategitgicagaagtaagitggecgcagigttatcactcat
ggttatgecagcactgcataattctcitactgtecatgeccatccgtaagat getttictgigactggtgagtacicaaccaagtcatictgagaatagigt

atgcpgcegaccgagtigctettgecccggegtcaatacgggataataccge geecacatagcagaacttiaaaagrgctecatcaitggaaaacgticiicgg
ggcgaaaactctcaaggatettacegetgtigagatccagticgatgtaa cccactegtgcacccaactgatettcageatctittactitcaccagegt
fictgegtgagcaaaaacaggaaggcaaaatgccgcaaaagagggaataa gegcegacacggaaatgtigaatactcatactcticetititcaatattat
tgaagcatttatcagggttattgictcatgageggatacatattigaatg tatttagaaaaataaacaaataggggticcgegceacatiiccccgaaaag

tgccacctgacgte
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MULTIPLEX ASSAYS WITH MULTIPLE
LUCIFERASES REPORTERS AND USES
THEREOF

RELATED APPLICATIONS

This application claims the benefit of priority to U.S. Pro-
visional Patent Application No. 61/238,146, filed on Aug. 29,
2009, which 1s hereby incorporated by reference in 1ts
entirety.

FIELD OF THE INVENTION

The present invention concerns the field of luciferase
reporters useful 1n biological and biochemical assays.

BACKGROUND OF THE INVENTION

Luciferases are enzymes that catalyze reactions that emit
light. Luciferases are named according to their source organ-
1sms such as beetles (firefly) or marine organisms. Examples
of bioluminescent marine animals include: Remnilla, also
known as sea pansies, which belong to a class of coelenterates
known as the anthozoans. In addition to Rerilla, other repre-
sentative bioluminescent genera of the class Anthozoa
include Cavarnularia, Ptilosarcus, Styvlatula, Acanthoptilum,
and Parazoanthus. All of these organisms are bioluminescent
and emit light as a result of the action of an enzyme (lu-
ciferase) on a substrate (luciferin) under appropriate biologi-
cal conditions.

Different luciferases have different properties with regard
to substrate specificity and intensity of light emission and
stability of the bioluminescent signal, which 1s commonly
measured by a luminometer. Luciferases are useful as tran-
scriptional reporter genes and i1n 1maging reporter gene
expression 1n living subjects and many other applications 1n
molecular biology.

Certain luciferases, such as those that utilize cypridina
luciferin (vargulin) as a substrate, can be useful reporters
because of their strong luminescent signal and the fact that
they are secreted in the native form. However cypridina
luciferin (vargulin) 1s very difficult to synthesize (usually
involving an 18-step chemical synthesis). The limiting supply
and the cost of the material have made the assay difficult to
commercialize.

SUMMARY OF THE INVENTION

Accordingly, the present mmvention provides modified
luciferases, methods of making modified luciferases, and
methods of using modified luciferases.

In one aspect, the present mvention provides an isolated
polynucleotide that encodes a modified Luciola Italica (also
referred to as L. Italica) luciferase. In a further aspect, the
modified L. [talica luciterase shows increased luciferase
activity when expressed 1n mammalian cells as compared to a
non human codon optimized mutant L. [talica luciierase.

In an embodiment and 1n accordance with any of the above,
the present invention provides a modified L. Italica luciferase
that shows an approximately 1000-fold increased luciferase
activity when expressed in mammalian cells as compared to a
non human codon optimized mutant L. [talica luciferase.

In a further embodiment and 1n accordance with any of the
above, the present mvention provides a modified L. ftalica
luciferase that 1s a red-emitting luciferase with an emission
maximum of approximately 617 nm.
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In a further embodiment and in accordance with any of the
above, the present invention provides a modified L. [talica

luciferase that 1s human codon-optimized.

In a further embodiment and in accordance with any of the
above, the present invention provides a modified L. [talica
luciferase that 1s a green-emitting luciferase with an emission
maximum of approximately 550 nm.

In a further embodiment and in accordance with any of the
above, the present invention provides a modified L. [talica
luciterase that includes a secretory signal at 1ts amino termi-
nal end. In a still further embodiment, the secretory signal 1s
a chymotrypsinogen secretory signal.

In one aspect, the present invention provides assays utiliz-
ing any ol the modified luciferases discussed herein. In a
turther aspect, the assays are multiplexed reporter assays.

In one aspect, the present invention provides an 1solated
polynucleotide that encodes a modified Renilla luciferase. In
a further aspect, the modified Renilla luciferase shows
increased activity and stability over a native human codon
optimized Renilla luciferase.

In an exemplary embodiment the present mnvention pro-
vides a modified Renilla luciferase that 1s a green-emitting,
Renilla luciferase.

In a further embodiment and in accordance with any of the
above, the invention provides a modified Rerilla luciferase
that includes a secretory signal at 1ts amino terminal end.

In one aspect, the present invention provides multiplexed
luciferase assays comprising at least two different luciferase
reports, where the at least two different luciferase reporters
emit at two different wavelengths and/or utilize different sub-
strates.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows data for relative luciferase stability for a
Cypridina assay conducted using reagents without sodium
chloride (VLAR-1) and with sodium chloride (VLAR-1 with
sodium chloride).

FI1G. 2 shows data for time course of activity in a Cypridina
assay using 5 ul of sample (FIG. 2A) or 20 ul of sample (FIG.
2A).

FIG. 3A-B shows the sequence of a green Renilla
luciterase plasmid (SEQ 1D NO: 1).

FIG. 4 shows the sequence of a modified red firefly
luciferase with a secretory signal (SEQ ID NO: 2).

FIG. 5 shows data from a Cypridina luciferase assay in
varying concentrations of sodium chloride.

FIG. 6 shows data from a Renilla luciferase assay with and
without stabilizer (NP40).

FIG. 7 shows data comparing luciierase activity of native
human codon optimized Rerilla luciferase and a mutant
Renilla lucitferase of the mvention.

FIG. 8 shows data comparing luciferase activity of human
codon optimized and non-human codon optimized red-emiut-
ting L. ftalica luciferase.

FIG. 9 shows data comparing luciferase activity of human
codon optimized and non-human codon optimized green-
emitting L. ltalica luciierase.

FIG. 10 shows data comparing luciferase activity of intra-
cellular red-emitting L. [talica luciferase and secreted red-
emitting L. ltalica luciferase.

FIG. 11 shows data comparing luciferase activity of
secreted red L. Italica luciferase 1n the lysate and the super-
natant from HEK?293 cells.

FIG. 12 shows kinetics of luciferase activity 1in (A) Red
Luciola luciterase, (B) Guassia luciterase, (C) Cypridina
lucitferase, and (D) Green Renilla luciferase.
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FIG. 13 shows emission spectra from (A) a double reporter
assay with Vargula and Red [talica luciterases and (B) atriple
reporter assay with Vargula, Green Renilla and Red Italica
Luciierases.

FIG. 14 shows kinetics data of a Gaussia luciferase assay
using a GAR-1 reagent.

FIG. 15 shows data comparing stabilities of Gaussia
luciterase assays using the GAR-2 reagent are in the presence
of a stabilizer (FIG. 15A) and in the absence of a stabilizer

(FIG. 15B).

FI1G. 16 shows data related to relative luciferase activity of
a firefly luciferase assay.

FI1G. 17 shows data of relative luciferase activity of a Cyp-
ridina luciferase assay.

FIG. 18 shows data comparing luciferase activity of a
modified Vargula luciferase of the invention in the lysate and
the supernatant from mammalian cells.

FIG. 19 shows kinetic data for luciferase activity in a
Cypridina luciferase assay.

FIG. 20 shows data comparing relative luciferase activity
of Green Renilla luciterase in the absence (top panel) and
presence (bottom) of a stabilizer.

FIG. 21 shows data from a firefly luciferase assay in the
presence (square) and absence (diamonds) of a stabilizer.

FIG. 22 shows data from a dual assay of the mvention
utilizing firefly and Cypridina luciferases.

FIG. 23 shows data from a dual assay of the mvention
utilizing Cypridina (Panel A) and Remnilla (Panel B)
luciferases.

FI1G. 24 shows emission spectra from a dual assay of the
invention utilizing Vargula and Green Rerilla luciferases.

FIG. 25 shows data from a triple assay of the imvention
utilizing Cypridina, firetly and Gaussia luciferases.

FIG. 26 shows emission spectra from a triple assay of the
invention utilizing Cypridina, Green Rernilla and Red [talica
luciferases.

FI1G. 27 shows the sequence of a red firefly luciferase of the
invention (SEQ ID NO: 5).

FIG. 28 shows emission spectra from a dual assay of the
invention utilizing Vargula and Red ltalica luciferases.

FIG. 29 shows emission spectra emission spectra from a
dual assay of the mvention utilizing (A) Gaussia and Red
[talica luciferases and (B) Green Rerilla and Red [ltalica
luciferases.

FI1G. 30 shows the sequence of a red emitting firetly human
codon optimized luciterase of the invention (SEQ ID NO: 3).

FIG. 31 shows the sequence of a human codon optimized
green firetly luciferase of the mvention (SEQ ID NO: 4).

FIG. 32 shows the sequence of a human codon optimized

Vargula luciterase of the mvention (SEQ ID NO: 6).

DETAILED DESCRIPTION

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill 1n the art to which this invention
belongs. All publications mentioned herein are incorporated
herein by reference for the purpose of describing and disclos-
ing devices, formulations and methodologies which are
described 1n the publication and which might be used 1n
connection with the presently described imnvention.

Note that as used herein and 1n the appended claims, the
singular forms “a,” “an,” and “the” include plural referents
unless the context clearly dictates otherwise. Thus, for
example, reference to “a polymerase” refers to one agent or

mixtures of such agents, and reference to “the method”
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includes reference to equivalent steps and methods known to
those skilled 1n the art, and so forth.

Where a range of values 1s provided, 1t 1s understood that
cach intervening value, between the upper and lower limit of
that range and any other stated or intervening value 1n that
stated range 1s encompassed within the invention. The upper
and lower limits of these smaller ranges may independently
be included in the smaller ranges, and are also encompassed
within the mvention, subject to any specifically excluded
limait 1n the stated range. Where the stated range includes one
or both of the limits, ranges excluding either both of those
included limits are also included 1n the 1nvention.

In the following description, numerous specific details are
set forth to provide a more thorough understanding of the
present invention. However, 1t will be apparent to one of skall
in the art that the present invention may be practiced without
one or more of these specific details. In other 1nstances, well-
known features and procedures well known to those skilled in
the art have not been described 1n order to avoid obscuring the
invention. It will be apparent to one of skill in the art that these
additional features are also encompassed by the present
invention.

Overview

The present invention provides modified luciferases and/or
combinations of luciferases, and methods of utilizing those
luciferases 1n reporter gene assays. In addition, the invention
provides reagents that provide increased stability and activity
1in assays using luciferase reporters.

The present invention provides modified (also referred to
herein as “mutant” or ‘“vaniant”) luciferases showing
improved activity over wildtype luciferases or other modified
luciferases known 1n the art reported to have improved prop-
erties for reporter gene assays or in vivo imaging applications.
As used herein, “wildtype luciferases” refers to any luciferase
that occurs 1n nature.

In certain aspects, the present invention provides modified
luciferases that show brighter luminescence when expressed
in mammalian cells as compared to the luminescence seen
when wildtype luciferases are expressed in mammalian cells.
The present invention also provides a method of expressing
luciterase as a very bright intracellular reporter (not secreted)
by sequence modification to increase its utility as an intrac-
cllular reporter in multiplexed assays and for imaging appli-
cations. The present invention also provides a composition
for assays utilizing luciferases that lowers the cost and
increases the efliciency and sensitivity ol the assay by altering
the reaction conditions such that high luminescence 1s pro-
duced using signmificantly less amount of luciferin.

The present invention further provides reagents for assays
utilizing modified luciferases of the invention as well as
mammalian expression vectors expressing secreted and 1ntra-
cellular luciferases.

In further embodiments the present invention provides
sequence modifications (human codon optimization) to
nucleotides encoding luciferases which result in an approxi-
mately 1000-fold increase 1n luciferase expression 1n trans-
fected mammalian cells compared to the non-human codon
optimized versions of these genes.

In further embodiments, the invention provides novel
secreted reporter modified luciferases that are about 5 to
about 35 fold brighter than wildtype luciferases. Such
luciferases are used 1n accordance with the present invention
as stand alone reporters or in multiplexed luciferase assays 1n
combination with one or more other luciferases. As will be
appreciated, combinations of luciferases for multiplexed
assays ol the invention can include both wildtype and modi-
fied luciferases.
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In further aspects, the present invention provides assay
compositions for measurement of modified luciferases of the
invention as single luciferase assay formats. In further aspects
ol the invention, assay compositions are provided that enable
simultaneous measurement of at least two different reporters
in cell lysates or supernatants using a single assay solution.
The luciferase activities of multiple reporters are analyzed by
exploiting spectral differences in the emission maxima of the
different luciferases.

Improved luciferases used in the present invention include
without limitation: (1) a red-emitting firefly luciferase (Red-
Fluc) from the Italian firefly Luciola Italica (emission max
609 nm), including intracellular (non-secreted) variants and
secreted variants generated by fusing a chymotrypsinogen
secretory signal sequence to the amino terminal end of the
luciferase; (1) a green-emitting firetly luciferase (Green-
Fluc) from the Italian firefly Luciola Italica (emission max
550 nm), including intracellular (non-secreted) variants and
secreted variants generated by fusing a chymotrypsinogen
secretory signal sequence to the amino terminal end of the
luciferase; (111) a Cypridina Luciferase or Vargula luciferase
(VLuc) from the marine ostracod Vargula Hilgendorfi, a
secreted luciferase (emission max 395 nm or 462 nm depend-
ing on the substrate used); (iv) Vargula luciterase that has
been modified at the C-terminal end with a KDEL sequence
(endoplasmic reticulum retention signal) so that 1t 1s
expressed intracellularly-VLuc-KDEL; (v) a modified
secreted blue-emitting (emission max 480 nm) Rerilla
luciterase (B-Rluc) which 1s brighter and more stable than
native renilla reniformis luciferase; (vi) a green emitting
secreted Renilla luciferase (emission max 535 nm) modified
to be secreted by fusing a synthetic secretory signal encoding
gene sequence 1n frame with the gene encoding the green
emitting modified of rerilla luciferase; (vi1) a Gaussia
luciferase (emission max 482 nm) either native secreted
(Gluc) or modified to be expressed intracellularly (Gluc-
KDEL).

Luciferases of the Invention

Modified luciferases of the present invention show
increased signal magnitude and stability. In certain embodi-
ments, modified luciferases of the invention show at leasta 1,
2,3,4,5,10,50, 100, 250, 500, 750, 1000, 2000, 3000, 4000,
5000, 6000, 7000, 8000, 9000, 10,000-fold increase 1n the
magnitude of the signal over signals seen with wildtype
luciferases.

Modified luciferases of the mvention may be intracellular
(1.e., not secreted), or they may be modified to be secreted. In
further embodiments, modified luciferases of the invention
are engineered to further express a secretory signal, general at
the amino terminal end. In some embodiments, the secretory
signal 1s a synthetic sequence. In specific embodiments, the
synthetic sequence 1s MLLK VVFA 1GCI WQA (SEQ ID
NO: 7). In vet further embodiments, the secretory signal 1s
any signal that can induce secretion of the encoded protein,
including without limitation an interleukin-2 secretory signal
and a chymotrypsinogen secretory signal.

Vargula Luciierases of the Invention

In some aspects, the present invention provides a Cyp-
ridina Luciferase or Vargula luciferase (VLuc) from the
marine ostracod Vargula Hilgendorfi, which 1s a secreted
luciferase (emission max 395 nm or 462 nm depending on the
substrate used).

In further aspects, the present invention provides a modi-
fied Vargula luciterase that shows increased signal and sta-
bility. In certain embodiments, the modified FVargula
luciferase of the mmvention 1s human codon optimized to
increase expression 1 mammalian systems. In further
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embodiments, a modified Vargula luciterase of the imnvention
includes a wildtype or a native human codon optimized
luciferase with the last two amino acids have been mutated
CQ to SN (S=serine, N=asparagine). In still further embodi-
ments, the present mvention provides a mammalian vector
expressing modified human codon optimized Vargula
luciferase expressing intracellular Vargula luciferase. This
sequence 1s the same as the wildtype or native human codon
Vargula luciterase with the last two amino acids mutated CQ)
to SN (S=serine, N=asparagine) and with a KDEL (endoplas-
mic reticulum retention) sequence added after the C-terminal
asparagine residue.

Firefly Luciferases of the Invention

In some aspects, the present invention provides a red-emit-
ting firetly luciferase (Red-Fluc) from the Italian firefly
Luciola Italica (emission max 609 nm) and a green-emitting,
firefly luciferase (Green-Fluc) from the Italian firefly Luciola
Italica (emission max 550 nm

In further embodiments, the present mvention provides
human codon optimized sequences of red-emitting L. [talica
luciferases. Such human codon optimized red-emitting L.
Italica luciferases show significantly increased activity over
wildtype red-emitting L. ltalica luciterases (see FIG. 8). In
still further embodiments, the present invention provides
human codon optimized sequences of red-emitting L. [talica
luciferases according to the sequence provided in FIG. 30
(SEQ ID NO: 3). In still further embodiments, the present
invention provides human codon optimized sequences of red-
emitting L. /talica luciferases encoded by polynucleotides
with about 80%-99% sequence 1dentity to SEQ ID NO: 3. In
still further embodiments, the present invention provides
luciferases that are encoded by polynucleotides with about
80%, 85%, 90%, 95%, 96%, 97%, 98%, and 99% sequence
identity to SEQ 1D NO: 3.

In still further embodiments, the present invention provides
secreted red-Italica luciferases. F1G. 10 shows a comparison
of luciferase activity of a human codon optimized red-emiut-
ting L. [talica luciferases fused to a chymotrypsinogen secre-
tory signal to a non-secreted form of the human codon opti-
mized red-emitting L. [talica luciierase. As discussed above,
a number of different secretory signals can be used to produce
secreted forms of modified luciferases of the invention. How-
ever, for red firefly luciferase, not all secretory signals pro-
duce a secreted luciferase. For example, popular signal
sequences such as the N terminal 16 amino acid sequence of
(raussia luciferase and the Interleukin 2 secretory sequence
do not successiully produce a secreted form of red emitting
firefly luciferase.

Fusing a chymotrypsinogen secretory signal to a human
codon optimized red-emitting L. ltalica luciferases did suc-
cessiully produce a secreted form of this luciferase. In some
embodiments, the present mvention provides a red firetly
luciferase (also referred to herein as “red-emitting luciferase™
and “red-emitting L. [talica luciferase”) that 1s modified to
include a synthetic secretory signal. In certain embodiments,
the modified red firefly luciferase 1s encoded by the poly-
nucleotide has the sequence provided in FI1G. 4 (SEQ ID NO:
2). In still further embodiments, the present invention pro-
vides a luciferases encoded by polynucleotides with about
80%-99% sequence 1dentity to SEQ ID NO: 2. In stall further
embodiments, the present invention provides luciferases that
are encoded by polynucleotides with about 80%, 85%, 90%,
95%., 96%, 97%, 98%, and 99% sequence 1dentity to SEQ 1D
NO: 2. The underlined portion of FIG. 4 1s the secretory
signal. FIG. 11 shows a comparison of luciferase activities 1n
supernatants and lysates of HEK293 cells transtected with a
secreted red [talica Luciferase of the invention.
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In further embodiments, the present mvention provides
human codon optimized sequences ol green-emitting L.
[talica luciterases. Such human codon optimized green-emit-
ting L. Italica luciterases show significantly increased activ-
ity over a previously described thermostable mutant of green-
emitting L. [talica luciferase (B. R. Branchimi et al.,

Analytical Biochemistry, 361 (2): 253-262 (2007 )y—see FIG.
9). In still further embodiments, the present invention pro-
vides human codon optimized sequences of green-emitting L.

[talica luciterases according to the sequence provided in FIG.
31 (SEQ ID NO: 4). In still further embodiments, the present
invention provides human codon optimized sequences of
luciferases encoded by polynucleotides with about 80%-99%
sequence 1dentity to SEQ ID NO: 4. In still further embodi-
ments, the present mvention provides luciferases that are
encoded by polynucleotides with about 80%, 85%, 90%.,
95%, 96%, 97%, 98%, and 99% sequence 1dentity to SEQ 1D
NO: 4.

Renilla Luciferases of the Invention

In some aspects, the present invention provides a modified
ciliciently secreted blue-emitting (emission max 480 nm)
Renilla luciterase (B-Rluc), which more stable than the wild-
type remnilla remiformis lucilerase, and a green emitting
secreted Renilla luciferase (emission max 535 nm) modified
to be secreted by fusing a synthetic secretory signal encoding,
gene sequence 1 frame with the gene encoding the green
emitting modified of Rerilla luciterase. Mammalian cells
transtected with the secreted green Rewnilla luciierase mutant
described here show approximately 33-fold higher luciferase
activity compared to mammalian cells transfected with the
native (human codon optimized) Rerilla luciferase (see FIG.
7). Further the secreted green Renilla luciferase shows excel-
lent stability of the bioluminescent signal (without compro-
mising signal intensity) when assayed using the Renilla
luciferase assay reagent described in this application (with
the stabilizer included, see FIG. 7), thus making it an 1deal
reporter for High throughput screening applications.

In certain embodiments, the present mvention provides a
green-emitting Rerilla luciterase plasmid sequence with the
sequence pictured i FIG. 3 (SEQ ID NO: 1).

(Graussia Luciferases of the Invention

In some aspects, the present invention provides a Gaussia
luciferase (emission max 482 nm) that i1s either native
secreted (Gluc) or modified to be expressed intracellularly
(Gluc-KDEL). Such Gaussia luciferases can be used 1n
single, double and triple reporter assays as discussed 1n fur-
ther detail herein in combination with any of the other
luciferases discussed herein or known 1n the art.

Luciferase Assays of the Invention

In certain aspects, the present mnvention provides compo-
sitions that improve stability and signal for assays utilizing
wildtype and/or modified luciferases of the present invention.

In some embodiments, sodium chloride 1s added to
improve the stability of luciferase assays of the invention. In
such embodiments, a concentration of sodium chloride 1s
utilized that improves the stability of the bioluminescent sig-
nal without affecting intensity. In further embodiments,
sodium chloride concentrations 1n the range of about 0.05 M
to about 1 M are used to improve stability of luciferase assays
of the 1invention. In still further embodiments, sodium chlo-
ride concentrations of about 0.05 to about 0.3, 0.1 to about
0.4, about 0.2 to about 0.3, and about 0.05 to about 0.2M are
used 1n luciferase assays of the invention. In specific embodi-
ments, sodium chloride 1s added to improve the stability of
assays utilizing wildtype and/or modified Vargula
luciferases.
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In further embodiments, certain luciferase substrates are
added to luciferase assays to improve the stability of the
bioluminescent signal. In such embodiments, the substrate
added as a stabilizer may be an additional substrate that 1s not
the substrate upon which the luciferase itself acts. For
example, 1n assays utilizing Cypridina luciierase, coelentera-
zine 1s added to the assay to stabilize the assay stability.
Coelenterazine 1s an oxidizable luciferin that 1s easily prone
to oxidation but 1s not a substrate for the Cypridina luciterase.
As will be appreciated, any luciferase assay described herein
can be further modified by adding substrates for other
luciferases as a stabilizer.

In some embodiments, the concentration of luciferase sub-
strate 1s adjusted to improve the magnitude and/or stability of
the signal. In further embodiments, low (under 1 uM) con-
centrations of substrate 1s used to improve luciferase signals.
For example, for Cypridina luciferase assays, about 1 to about
25 nM Vargulin are used 1n assays of the invention. In further
embodiments, about 1-100, 5-90, 10-80, 15-70, 20-60, 25-50,
and 30-40 nM Vargulin are used 1n assays of the invention. In
turther exemplary embodiments, substrates for the luciferase
assays described herein (including Cypridina, Gaussia and L.
Italica luciferases) are added 1n concentrations of from about
1 nM to about 250 uM. In still further embodiments, sub-
strates are added 1in concentration of about 10 nM-200 uM, 30
nM-150 uM, 100 nm-100 uM, 150 nm-350 uM, 200 nM-25
uM, 300 nM-10 uM, 500 nM-1 uM.

In some embodiments, Gaussia luciferases of the invention
are used with optimized reagents to produce increased activ-
ity. Kinetics of the Gaussia luciferase assay using the GAR-1
reagent 1s shown in FIG. 14. Measurement of the luciferase
activity in supernatants of cells (transfected with Gaussia
luciferase) using GAR-1 reagent from Targeting systems
showed 1increased activity from Rewnilla luciferase assays
from another vendor. The data 1n FIG. 14 1s presented as an
average ol triplicate determinations measured on a Turner
TD2020 luminometer. GAR-1 reagent has been described 1n
detail 1n US Pat Appl Publ 2008074485, which 1s hereby
incorporated by reference 1n its entirety and 1n particular for
all teachings related to assay reagents for the Gaussia
luciferase assay.

In certain embodiments, Gaussia luciferase assays of the
invention utilize reagents stabilized with stabilizing agents.
In one non-limiting example, the stabilizing agents include
NP40 (Sigma) and/or coelenterazine. In certain embodi-
ments, about 5 to about 200 uM coelenterazine 1s used. In still
further embodiments, about 10-150, 20-123, 30-100, 40-75,
50-60 uM coelenterazine 1s used. In yet further embodiments,
about 5, 10, 15, 20, 25, 30, 33, 40, 45, 30, 55, 60, 65, 70, 75,
80, 85, 90, 95, 100 uM coeclenterazine 1s used. Stability of
(raussia luciferase assays using the GAR-2 reagent are shown
in FIG. 15. Using the GAR-2B version of the Gaussia
luciferase assay reagent, the bioluminescent signal remains
very stable (FIG. 15A) In the absence of the stabilizer, the
signal intensity 1s a little higher mnitially but decays faster than
in the presence of the stabilizer (FIG. 15B). Note that the data
presented in FIG. 15A and B 1s an average of triplicate deter-
minations measured on a Turner TD2020 luminometer. The
GAR-2 and GAR-2B reagents are stabilized versions of the
GAR-1 reagent discussed in US Pat Appl Publ 2008074485,
which 1s hereby incorporated by reference in 1ts entirety and
in particular for all teachings related to reagents for Gaussia
luciferase assays. The GAR-2 reagent includes the composi-
tion GAR-1 with an additional 30 uM coelenterazine. GAR -
2B reagent includes the composition GAR-1 with and addi-
tional 75 uM coelenterazine. Without being limited by theory,
it 1s possible that the higher (approximately 3-fold) signal
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intensity seen with the GAR-2B reagent 1s due to the higher
concentration of coelenterazine. FIG. 12B shows the stability
of the Gaussia luciferase with the GAR-2 reagent including a
stabilizer.

In certain embodiments, stability of firefly luciferase
assays 1s improved using FLLAR-1 reagents (Targeting Sys-
tems). FIG. 16 shows the results from experiments using the
FLAR-1 reagent from Targeting Systems. In the experiments
shown i FIG. 16, the FLAR-1 reagent was added to the
supernatant cell culture media.

Dual and Triple Luciferase Assays

In some aspects, the present invention provides dual
luciferase assays based on spectral resolution of two or more
different luciferases. As will be appreciated, these assays can
include different wildtype luciferases, different modified
luciferases, or a mixture of a wildtype and a modified
luciferase. Such assays rely on differences 1n the emission
spectra of the reporters used. In further embodiments,
reagents are modified to allow for more efficient multiplex-
ing. For example, when Gaussia luciferases are multiplexed
with firetly luciferases, EDTA 1s omitted from the reaction
mixture to allow eflicient reporter activity.

FIG. 13A shows the emission spectra of a dual reporter
assay utilizing a Vargula and Red [talica luciferase of the
invention. The luciferases were expressed in samples of trans-
tected cells. The luciferases used in the experiments pictured
in FIG. 13A represent a modified red emitting firetly
luciterase of the invention that 1s human codon optimized and
intracellular (non-secreted) and a Cypridina luciferase of the
invention that 1s from Cypridina hilgendorfi modified to be
human codon optimized and secreted.

FIG. 13B shows the emission spectra of a triple reporter
assay utilizing Vargula, Green Renilla and Red Italica
luciferases. These emission spectra were in samples of trans-
tected cell lysates. The largula and red-emitting firetly
luciferases are those as described above for FIG. 13 A and the
Green Renilla luciferase 1s an improved secreted Green
luciferase mutant as described 1n further detail herein.

All patents and other references cited in the specification
are indicative of the level of skill of those skilled 1n the art to
which the invention pertains, and are incorporated by refer-
ence 1n their entireties, including any tables and figures, to the
same extent as 1f each reference had been incorporated by
reference 1n its entirety individually.

One skilled 1n the art would readily appreciate that the
present invention 1s well adapted to obtain the ends and
advantages mentioned, as well as those inherent therein. The
methods, variances, and compositions described herein as
presently representative of preferred embodiments are exem-
plary and are not mtended as limitations on the scope of the
invention. Changes therein and other uses will occur to those
skilled 1n the art, which are encompassed within the spirit of
the invention, are defined by the scope of the claims.

It will be readily apparent to one skilled in the art that
varying substitutions and modifications may be made to the
invention disclosed herein without departing from the scope
and spirit of the mvention. Thus, such additional embodi-
ments are within the scope of the present mvention and the
following claims.

The mvention illustratively described herein suitably may
be practiced 1n the absence of any element or elements, limi-
tation or limitations which 1s not specifically disclosed herein.
Thus, for example, 1n each instance herein any of the terms
“comprising”’, “consisting essentially of” and “consisting of”
may be replaced with either of the other two terms. The terms
and expressions which have been employed are used as terms
of description and not of limitation, and there 1s no intention
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that 1n the use of such terms and expressions of excluding any
equivalents of the features shown and described or portions
thereof, but 1t 1s recognized that various modifications are
possible within the scope of the invention claimed. Thus, 1t
should be understood that although the present invention has
been specifically disclosed by preferred embodiments and
optional features, modification and variation of the concepts
herein disclosed may be resorted to by those skilled 1n the art,
and that such modifications and variations are considered to
be within the scope of this invention as defined by the
appended claims.

In addition, where features or aspects of the invention are
described 1n terms of Markush groups or other grouping of
alternatives, those skilled in the art will recognize that the
invention 1s also thereby described in terms of any individual
member or subgroup of members of the Markush group or
other group.

Also, unless indicated to the contrary, where various
numerical values or value range endpoints are provided for
embodiments, additional embodiments are described by tak-
ing any 2 different values as the endpoints of a range or by
taking two different range endpoints from specified ranges as
the endpoints of an additional range. Such ranges are also
within the scope of the described invention. Further, specifi-
cation of a numerical range including values greater than one
includes specific description of each integer value within that
range.

Thus, additional embodiments are within the scope of the
invention and within the following claims.

EXAMPLES

Example 1

Transtection of Mammalian Cells with Modified
[Luciferases

HEK-293 cells were grown in DMEM/10% FBS (fetal
bovine serum) and transiected with plasmids expressing
either the human codon-optimized or non-human codon opti-
mized forms of the red emitting and green emaitting firefly
luciferases (from Luciola Italica) under control of the CMV
promoter. Transfections were performed using the Targefect
F-2 reagent (Targeting Systems ) using the manufacturers pro-
tocols. Forty eight hours post transiection, the cells were
lysed using the cell lysis reagent (CLR-1) from Targeting
Systems, Santee. 20 ul aliquots of the cell lysate were mixed
with 100 ul of the FLAR-1 (firefly luciferase assay reagent
from Targeting Systems).

Example 2
Cypridina Luciferase Assays with Increased Stability

Compositions were developed for achieving optimal per-
formance of Cypridina luciferase assay reagents. These
assays had improved stability of the bioluminescent signal
without affecting the overall activity of the enzyme.

Vargulin 1s generally unstable and easily oxidized, making
long term storage of this substrate difficult. However, Vargu-
lin stored 1n an acidic butfer (66 mM monobasic potassium
phosphate, pH 6-6.5) and stored at —80° C. was very stable
and did not lose activity even when stored for several months.
In contrast, Vargulin dissolved 1n a neutral to basic phosphate
builer (e.g. 200 mM dibasic potassium phosphate (ph 8)) 1s
very unstable and begins to lose activity rapidly within a few
hours at room temperature. Cypridina luciferase activity was
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optimal when 200 mM dibasic potassium phosphate was used
as the reaction butler instead of 66 mM monobasic sodium
phosphate. Hence 200 mM dibasic potasstum phosphate was
used as the reaction buffer. Concentrations of be 3-6 nM
Vargulin were found to be effective, and these concentrations

are much lower than what 1s generally used in such assays
(see for example Wu et al (2007) Biotechniques, 42(3):290-

292).

The Cypridina luciterase assay showed increased stability
when sodium chloride was included 1n the reaction. For
example, FIG. 1 shows the relative luciferase stability (RLS)
between VLAR-1 (no sodium chloride) and VLAR-2
(VLAR-1+sodium chloride). Sodium chloride clearly stabi-
lized the RLS. For the experiments in FIG. 1, 20 ul of sample
was added with 40 ul of VL AR solution for the assay followed
by 20 ul of Vargulin substrate.

FIG. 5 shows a further titration experiment indicating that
sodium chloride concentrations of around 0.5M provide
increased stability over control reagents with no sodium.
Further concentrations that are of use 1n stabilizing such
assays include from about 25 mM to about 750 mM sodium
chloride. For experiments i FIG. 5, 5 ul of the indicated
concentrations of sodium chloride solutions were added to 35
uwl of VLAR butfer (20 mM dibasic potassium phosphate,
pH=8.0). The assay was carried out by mixing 20 ul of sample
with 40 ul of VLAR builler (with sodium chloride) and then
adding 20 ul of Cypridina luciterin.

Further stability of the bioluminescent signal as well as
improvement in overall luciferase activity was observed
when coelenterazine, another oxidizable luciferin easily
prone to oxidation (but not a substrate for Cypridina
luciferase) m was included in the assay composition. A 15
minute pre-incubtion was found to result in increased stabil-
ity ol the bioluminescent signal using sample volumes
between 5 and 20 ul (roughly 40% drop 1n 26 minutes using
an assay volume of 20 ul and 15% drop 1n 26 minutes using an
assay volume of 5 ul—see FIGS. 2A and 2B. A concentration
of coelenterazine that worked well to stabilize the reagent was
15 uM. Concentrations in the range of about 10 uM to about
50 uM can also be used. The inclusion of coelenterazine in the
composition decreased the background of the assay by more
than 10-fold (background reading dropped form 153.6 to
12.4) and also resulted in a 15% increase 1n the intensity of the
bioluminescent signal. Controls in which butters with 1den-
tical composition (1.e., inclusion of coelenterazine but omis-
sion of Cypridina luciferin) showed no activity. Coelentera-
zine 1s not a substrate for Cypridina luciterase and can be used
to safely reduce the background and increase stability when
Cypridina luciferase 1s assayed alone or 1n combination with
other luciferases (such as firetly luciferase) which do not use
coelenterazine as a substrate. For the experiments shown 1n
FIG. 2, 5 or 20 ul of the sample (media supernatant) was
mixed with 40 ul of the VL AR buitler (200 mM dibasic potas-
sium phosphate, 50 mM NaCl). The firefly and Cypridina
luciferase assay reagents can be mixed 1nto a single solution
which can be used to efficiently measure both Cypridina
luciterase and firefly luciferase activity by spectrally resolv-
ing the luciferases using appropnate filers. However, the DTT
concentration in the firefly luciferase assay reagent can atlect
activity 1n such situations, because the activity of

both
luciferases 1s decreased due to interference of DT'T (present 1n
low concentration 1n the firefly assay reagent with the Cyp-
ridina luciferase assay (there 1s almost a 10-fold drop 1n
Cypridina luciferase activity). However, since the signal
intensity of the Cypridina luciferase assay 1s very robust, the
signal 1s still acceptable and improvement in Cypridina
luciferase activity 1s observed if the D'T'T concentration 1n the
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firefly luciferase assay reagent 1s dropped to 2.5 mM (a 3 fold
drop 1 activity of Cypridina luciterase 1s still observed).
Single solution based dual assays i which Cypridina
luciferase 1s multiplexed with Green emitting Renilla
luciterase work very well without loss of activity of either
Cypridina or renilla luciferase when the two solutions are
mixed.

Example 3

Renilla Luciferase Assays Utilizing Modified Renilla

Luciferases and Stabilizing Reagents

The secreted modified green Rerilla luciierase of the
present mvention showed significantly greater activity over
wildtype Renilla luciferase—see FIG. 7. For the experiments
pictured 1 FIG. 7, HEK 293 cells were transfected with
expression vectors expressing either native Renilla luciferase
or the secreted Green Rernilla luciferase mutant. Cells were
lysed 48 hrs post transiection and assayed for luciferase activ-
ity.

Assays with and without stability assay reagents for green
Renilla luciferase were investigated. FIG. 6 shows that assays
conducted with stabilizer showed greater stability than those
without. The composition of the Rerilla luciferase assay
reagent (no stabilizer) was: 30 uM coelenterazine, 0.4xPBS
(Ca, Mg Iree), 0.027% NP40. The composition of the Renilia
luciferase assay reagent (with stabilizer) was: 30 uM

coelenterazine, 0.4xPBS (Ca, Mg free), 0.227% NP40. Sta-
bilizer 1s 2% NP40 (a non-1onic detergent).

Example 4

Kinetics of Difterent Luciterases

Reactions were set up to measure the kinetics of the
luciferase activities of different luciferases in samples of
transtected cells. Luciferase activities were assayed using the
luciferase assay reagents supplied with the LiveResponse
assay kit. These data are shown 1n FIG. 12A: Red Luciola

(firetly), luciferase, FIG. 12B Gaussia Princeps luciferase
(this 1s FIG. 15C), FIG. 12C: Cypridina luciferase, and FIG.
12D: Green Renilla luciferase. Data represents mean of trip-
licate determinations.

Example 5

Comparison of Expression Vectors Expressing
Modified Vargula Luciierases

Transtection protocols were as follows: HEK-293 cells
were grown 1n DMEM/10% FBS (fetal bovine serum) and
transfected with plasmids expressing wither the human
codon-optimized to non-human codon optimized forms of
native VLuc, HC-VLuc, sequence 1) or modified HC-VLucs
under control of the CMYV promoter. Transiections were per-
formed using the Targefect F-2 regent (Targeting Systems)
using the manufacturers protocols.

The stability of the bioluminescent signal of Cypridina
Luciferase assessed using supernatants of HEK293 cells tran-
siently transiected with the pCMYV VLuc expression vector 1s
shown 1 FIG. 17.

In FIG. 19, the stability of the bioluminescent signal of
Cypridina Luciferase was assessed using supernatants from
HEK 293 cells transiently transfected with the pCMV-VLuc

expression vector. Samples were assayed using the VLAR-2
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(VLAR-1 reagent from Targeting Systems with sodium chlo-
ride) of the Cypridina luciferase assay reagent.

Human codon optimization of the gene sequence encoding,
the VLuc led to a 5-fold improvement of luciferase expression
in HEK-293 transfected with expression vectors containing
the human codon optimized versions of the vargula luciterase
genes compared to the native sequences (1.e. Non-human
codon optimized sequences). Addition of the KDEL

sequence at the C-terminal end results in intracellular expres-
sion of VLuc.

Example 6

Construction of Blue-Emitting (Blue Shifted) and
Green Emitting Mutants of Secreted Renilla
Luciferase for Use as Secreted Reporters 1n Single or
Multiplexed Luciferase Assays

A synthetic signal peptide was deduced by rational design:
MLLKVVFAIGCIVVQA (SEQID NO: 7). The sequence of
this signal peptide was based on rational design using signal
sequences from the secretory signals known 1n the art, includ-
ing those available at: http://www.unitargeting.com/Re-
sources/ TrendsO7.pdf
Blue-Sifted Secreted Rerilla Luciterase Mutants

Secreted mutants were constructed containing signal pep-
tide fused to amino terminal region of the human codon
optimized renilla veniformis luciferase with the following
additional mutations which enable 1) efficient refolding after
secretion to obtain an active form of the enzyme (Loma Linda
paper, cysteine 124 was mutated to alanine) and additional

mutations to cause a shift in the emission max ot Renilla
luciferase. MLLK VVFA IGCI VVQA-HCRLuc with follow-

ing mutations C124A; N33Q; VI146M. Emission
maxima=475 nm

Secreted BLuc Sequence 2: MLLK VVFEA IGCI VVQA-
HCRLuc with following mutations C124A; N53Q); V146M
and the following eight additional mutations A53T, S130A,
K136R, A143M, M185V, M253L, S287L. The 8 additional
mutations increase intensity of the bioluminescent signal
(Emission Maxima 475 nm)
Red Shifted Rerilla Luciferase Mutants:

Secreted RLuc Sequence 1: MLLK VVFA 1GCI VV(QA-
HCRLuc with following mutations C124A, D162E

Secreted RLuc Sequence 2: MLLK VVFA 1GCI VV(QA-
HCRLuc with following mutations C124 A; and the following
eight additional mutations AI23S/D134M/E135G/D162E/
[163L/V185L F262W. E

Emission Maxima 5335 nm

Secreted RLuc Sequence 3: MLLK VVFA 1GCI VV(QA-
HCRLuc with following mutations C124 A ; and the following
eight additional mutations AI23S/D154M/E155G/D162E/
[1163L/V185L. F

Emission Maxima 535 nm

Example 7

Tests for Developing Assays for Vargula Luciierase

In some embodiments, different buffer solutions are used
to i1mprove assays uftilizing wildtype and/or modified
luciferases of the invention. In certain embodiments, a 1:1
mixture ol 0.1 M Tris HCI and 75 mM sodium phosphate 1s
used as the assay bufifer.

Several different parameters were tested to develop an
assay for vargula luciferase:

Effects of using either an acidic buffer (e.g., potassium
phosphate pH 5-6.8), Tris HCI pH 7.4, Tris phosphate buiier

pH (8-8.5) as well as varying assay volumes were tested. In
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general the use of acidic conditions significantly reduced the
intensity of the bioluminescent signal (typically 5-10 fold)

while increasing the stability somewhat. Using Tris HCL ph
7.4, the activity as the assay bufler resulted in 5-10 fold
brighter bioluminescence but the luminescent signal was
highly unstable.

Use of a buifer mixture (1:1) of 50 mM Tris HCI, pH 7.4
and 100 mM dibasic sodium phosphate resulted in improved
stability of the bioluminescent signal without compromising,
the intensity of the bioluminescent signal. An interesting
finding was that inclusion of 0.2 M NaCl further increased
stability of the bioluminescent signal. Lastly the amounts of
Vargulin needed for optimal activity using this buil

ered con-
dition are very low (1-10 nM range) making the assay
extremely useful and economical.

Increasing the concentration of Vargulin further did not
increase stability of the assay further.

Stock Vargulin substrate solutions stored 1n an acidic con-
dition pH (5.5-6) were relatively stable over several months
when stored at —80° C.

Other parameters tested: Other stabilizers such as DTT
(dithiothreitol), detergents like NP-40 or EDTA were unable
to increase the intensity of the luminescent signal or improve
stability of the assay. EDTA decreased the VLuc activity by at
least 5-fold.

Thus one aspect of the invention concerns the following
composition and variations thereotf: 20 ul of cell supernatant
assays with 50 ul of Tris/phosphate butfer, pH 8, 0.2 M Na(l,
10 ul of 5-100 nM vargulin in 66 mM potassium phosphate
(monobasic). In certain assays, the effective concentration of
vargulin 1n the assay mix 1s as low as 20 nM which 1s approxi-
mately 50-tfold lower than that reported in the literature (see
for example Wu et al (2007) Biotechniques, 42(3):290-292)

Comparison of luciferase activity 1n cells transfected with
vargula luciferase with luciferase activity in cells transtected
with firefly luciferases from Photinus pyralis or Luciola Italic
showed that vargula lucilferase was a much more sensitive
reporter (10-20 fold improvement 1in bioluminescent signal
compared to firefly luciferase, assay done 1n HEK-293 cells,
all expression vectors were expressed luciferase under con-
trol of the CMV promoter). An exemplary assay protocol
included: 20 ul aliquots of Cell supernatants (media with 5%

serum ) were mixed with 100 ul of assay dilution butter (50 ul
of S0 mM TrisHCI, 100 mM dibasic sodium phosphate, pH 8)
and 10 ul of vargulin 1n sodium phosphate buifer pH 6 (final
concentration of vargulin 1n reaction mix 10-25 nM). The
sample was mixed well and bioluminescent activity was
recorded 1n a Turner TD2020 luminometer integrated over a

20 sec time interval.

Example 8

Activity 1 Cell Supernatant and Cell Lysates of Cell
Transiected with Either a Plasmid Vector Expressing
Secreted Vargula Luciterase or an Intracellular Form

of Vargula Luciterase

In cells transfected with the secreted form of modified
vargula luciferase, 80% of the activity was secreted into the
cell supernatant and only 20% 1s cell-associated.

FIG. 18 shows intracellular and secreted Cypridina
luciferase activity. Luciferase activity in cell supernatants and
cell lysates of cells transfected with a plasmid vector express-
ing secreted vargula luciferase. As shown in FIG. 18 cells
transiected with the secreted form of modified vargula
luciferase, 80% of the activity 1s secreted into the cell super-
natant and only 20% 1s cell-associated.
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In cells transtected with vargula luciferase modified at the
C-terminal end with a KDEL sequence, approximately 95%
of the activity was ntracellular and 5% 1s secreted.

Example 8

Development of a Dual Reporter System Based on
Blue and Red Shifted Mutants of Secreted Rerilla
Luciferase

Secreted mutants: Secreted mutants were constructed con-
taining signal peptide fused to amino terminal region of the
human codon optimized renilla reniformis luciterase with the
following additional mutations which enable 1) efficient
refolding after secretion to obtain an active form of the

enzyme (Cysteine 124 was mutated to alanine) and additional
mutations to cause a shift in the emission max of renilla

luciferase: MLLK VVFA 1GCI VVQA-HCRLuc with fol-
lowing mutations: C124A; N53Q; V146M. Emission
maxima=475 nm

Secreted RLuc Sequence 2: MLLK VVFA 1GCI VV(QA-
HCRLuc with following mutations. C124A; N33Q; V146M
and the following eight additional mutations A535T, S130A,
K136R, A143M, M185V, M253L, S287L. The 8 additional
mutations increase intensity of the bioluminescent signal.
Emission Maxima 475 nm

RED SHIFTED RENILLA LUCIFERASE MUTANTS:
Secreted RLuc Sequence 1: MLLK VVFA 1GCI VVQA-
HCRLuc with following mutations: C124A, D162E

Secreted RLuc Sequence 3: MLLK VVFA 1GCI VV(QA-
HCRLuc with following mutations: C124A; and the follow-
ing eight additional mutations AI23S/D134M/E153G/
D162E/1163L/V185L F262W. Emission Maxima 535 nm

Secreted RLuc Sequence 4: MLLK VVFA 1GCI VV(QA-
HCRLuc with following mutations: C124A; and the follow-
ing eight additional mutations. A1235/D154M/E155G/
D162E/1163L/V185L. Emission Maxima 535 nm

A single solution dual luciferase assay based on secreted
renilla luciferase blue emitting (emission max at 475 nm) and
green emitting mutants (emission max at 535 nm).

The mutations 1n the above sequences lead to the efficient
expression of secreted renilla luciferase in the transiected
cells. The two luciferases can therefore be used 1n combina-

tion as a dual reporter system and the luciferase activity of

cach luciferase 1n the transfected cells can be resolved by
using appropriate filters. The reagent compositions for renilla
luciferase assay reagents are described Walia, US Pat Appl
Publ 2008074483, entitled Enhancing a Luminescent Signal,
which 1s incorporated herein by reference 1n its entirety and in
particular for all teachings related to Rerilla luciierase assay

reagents.

Example 9

Development of a Triple Reporter System Based on
Red and Green Emitting Firefly Luciferases and
(Graussia Lucilerase/Renilla Luciferase

Composition of the Gaussia lucilerase assay reagent
(GAR-1) has been described 1n detail in a US Pat Appl Publ
2008074485, which 1s hereby incorporated by reference 1n 1ts
entirety and 1n particular for all teachings related to assay
reagents for the Gaussia luciierase assay. An assay reagent
usetul for stmultaneous measurement of all there reporters in
a single solution was designed by omitting EDTA from the
composition of the Gaussia luciferase assay reagent and then
including all the ingredients necessary for assay of firetly

10

15

20

25

30

35

40

45

50

55

60

65

16

luciferase 1n a single composition. The rationale behind this 1s
that the EDTA 1interferes with the firetly luciferase assay

(magnesium 1s an important co-factor for firefly luciferase
and EDTA chelates magnesium). The ingredients required for
Firefly luciferase assay included in the assay composition
were as follows—ATP, DT'T. Firefly luciferin, magnesium
sulfate, magnesium bromide (helps increase brightness of
luminescent signal) and phosphate buffer.

The composition of the single solution for a triple reporter
assay for measuring GGaussia luciferase or Renilla luciferase
in combination with red and green emitting firetly luciferase
1s as follows:

0.1xPBS. 5.4 ml of 5% NP40 diluted to 1000 ml and add

the following:
To 800 ml of the above solution add the following:
Tricine 3.227 g (20 mM)
1M Magnesium sulfate 0.7H20 2.51 ml (2.67 mM
Magnesium bromide 0.6 H2) (1.07 mM)—add 2.14 ml of
500 mM stock solution

25 mM OT'T (3.86 g)

530 uM ATP (2.72 g)

CoA (0.18 g)—optional

Adjust with sodium phosphate to pH 7.8

Add 940 uM D-Luciferin (fee acid)}—253.81 mg

CDTA-0.8289 ¢

940 uM D-luciferin (free acid)—253.81 mg

CDTA-0.8289 ¢

0.8M Tris (0.02 M EDTA)—43.53 ml

Add GAR reagent without EDTA to atotal volume of 1 liter

Dilute 100x coelenterazine substrate with the above solu-

tion to 1x just betfore use. Use normal 3 mg/5 ml absolute
alcohol acidified with 30 ul of 2N HCI)
NOTE: This assay reagent does not contain enough cell lysis
reagents. Hence cells have to be first lysed using 1x Cell Lysis
Butfer (compatible with use of all luciferases (prepared from
Sx stock solution described below:
Dilute the 5x Cell lysis buffer described below with water to
1x concentration and add to washed cells and shake at 400
rpm for 20 mins to lyse cells.

Composition of 5x Cell Lysis Buffer:

For 1 liter of Buffer

5> ml NP 40 (undiluted)

25 ml Tris HCl ph 8

1.45 g NaCl

50 ml glycerol

Example 10

Development of a Single Solution Triple Luciferase
Reporter Assay Based on Red and Green Emitting
Firefly Luciferases and Vargula Luciterase

A vargula luciferase-based triple reporter system was pre-
pared by first preparing the vargula luciferase assay reagent
(VLAR-1) and mixing 1t in a 1:1 ratio with the firely
luciferase assay reagent (FLAR-T) to give the triple assay
reagent [ VLAR-1.

Assay protocol: To 20 ul of cell lysate add 100 ul of the
TVLAR-1 reagent and read 1n the Victor luminometer (Perkin
Elmer) or Varian (Promega) using approprate filters.
Preparation of VLAR-1 Reagent:

Composition of the Vargula Luciferase Assay reagent 1s
described below

500 ML OF 0.1 M TRIS HCL PH 8
500 ML of dibasic sodium phosphate 200 mM
200 ml of 5 nM Vargulin in 66 mM potassium phosphate

pH 5.5
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pH of final solution 1s 8-8.5
Composition of the FLAR-T Reagent

SOLUTION A: 0.1xPBS. 5.4 ml of 3% NP40 diluted to
1000 ml and add the following;:
To 800 ml of the above solution add the following;:
Tricine 3.227 g (20 mM)
1M Magnesium sulfate. 7H20 2.51 ml (2.67 mM)
Magnesium bromide (0.6 H2) (1.07 mM)—add 2.14 ml of
500 mM stock solution
SmM DTT (in some embodiments, any range between 5
mM and 30 mM can be used, including 5, 10, 135, 20, 25,
26, 27, 28, 29, and 30 mM)
S30 uM ATP (2.72 g)
CoA (0.18 g)—optionally omitted
Adjust with sodium phosphate to pH 7.8
Add 940 uM D-Luciferin (ifree acid)—253.81 mg
CDTA-0.8289 ¢
940 uM D-luciferin (Iree acid)—253.81 mg
CDTA-0.8289 ¢
941 uM D-luciferin (Iree acid)-253.81 mg
CDTA-0.8289 ¢
0.8M Tr1s (0.02 M EDTA)—43.53 ml
ADD SOLUTION A to a total volume of 1 liter
NOTE: This assay reagent does not contain enough cell
lysis reagents for efiective lysis. Hence cells should first be
lysed, e.g., using 1x Cell Lys 1s Bufler (compatible with use
of all luciferases (prepared from 1x stock solution described
below: Dilute the 5x Cell lysis butier described below with
water to 1x concentration and add to washed cells and shake
at 400 rpm for 20 mins to lyse cells.
Composition of 5x cell lysis butfer:
For 1 liter of Builer
5> ml NP 40 (undiluted)
25 ml Tris HCI ph 8
1.45 o Na(Cl
50 ml glycerol
Composition of Firefly luciferase assay reagent (for use of
firefly luciferase as a single reporter gene).
20 mM tricine (179.2 3.55 g)
MgCo3 1.07 mM 0.55 g
Magnestum sulfate 2.7 mM (277 ml)
0.1 mM EDTA
20 mM DTT (4.25 g)
530 uM ATP (3 g)
CoA (0.198 g)
Add disodium phosphate 25 g to ph 7.8
Add 793 ml water before pH
470 uM D Luciferin free acid 279.2 mg
SxCCLR 307 ml
Composition of SxCCLR:
0.8 M Tr1s 0.02 M EDTA pH 8-156 ml
Glycerol 500 ml
Triton X100 50 ml
CDTA-7.5 m moles (2.7 g)
DTT 10 mM 1.542 g total vol 1 liter.

Example 11

Development of a Single Solution Triple Luciferase
Reporter Assay Based on Red and Green Emitting
Firefly Luciferases and Vargula Luciferase

Addition of stabilizer does not significantly affect (i.e,
there 1s very little decrease 1n signal intensity) intensity of
bioluminescent signal of Renrilla luciferase in supernatants
and lysates. FIG. 20 (top panel) shows a Renilla assay per-
formed with 10 ul of Rernilla Lysate and 20 ul of Renilla
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Supernatant. Assay went as follows: 20 or 10 ul of sample
(Supernatant or Lysate), 50 ul of RLAR-1 reagent (Targeting

Systems). FIG. 20 (bottom panel) shows Renilla Assay was
performed using the same volumes of lysate and supernatant
as 1n the experiments 1n the top panel. Assay protocol was as
follows: 10 or 20 ul of lysate or supernatant depending on the
assay, S0 ul of the RLAR-1 reagent and an additional 8 pl of
RILAR stabilizer for an increased stability profile for a time
course reading. The stabilizer lowered the 1mitial RLU read-
ing (decreased from approximately 9000 to approximately
7000 rlu) but showed a much higher level of stability when
observed over 30 minutes to 1 hour (FIG. 12C). The RLAR-1
reagent 1s useful for high throughput screening (HT'S) appli-
cations 1n which a large number of samples need to be
assayed. In the absence of the stabilizer, the signal intensity
decays faster than in the presence of stabilizer (FIG. 21).
Note: Data presented 1s average of triplicate determinations
measured on a Turner TD2020 luminometer. In FIG. 21, a
time course was taken using the standard protocol of 10 ul
lysate, 50 ul of RLAR reagent without stabilizer indicating
drop 1n Renilla luciferase activity.

FIG. 22 shows the stability of the bioluminescent signal of
Cypridina luciterase and firefly luciferase using the DL AR-3
reagent. This reagent 1s usetul for HTS applications involving
both Cypridina luciferase and the red-emitting Luciola
luciferase. Note: Data presented 1s average of triplicate deter-
minations measured on a Turner TD2020 luminometer. The
DLAR-3 reagent (Targeting Systems) 1s a dual assay reagent
based on secreted Cypridina luciferase and a secreted or
intracellular red-emitting firefly luciferase.

FIG. 28 shows emission spectra of Cypridina and Firetly
luciferases 1n samples of transiected cells (lysates or super-
natants). The emission spectra were recorded on a Fluo-
rolog-3 spectrotluorometer (Horiba Scientific, Japan) using a
liquid nitrogen cooled CCD. The luciferases were assayed by
mixing 200 ul of the sample with the appropriate luciferase
assay reagent to obtain spectral profiles. Emission max of
Cypridina Luciferase 1s 463 nm; Red [talica 617 nm.

Example 12

Double and Triple Luciferase Reporter Assays Based
on Renilla Luciterase, Firefly Luciferase and Vargula
Luciierase

Kinetics of luciferase activity of different luciferase report-
ers using luciferase assay reagents in the DLAR-5 system are
shown 1n FIG. 23. Reactions were set up to measure the
kinetics of the luciferase activities of different luciferases in
samples of transfected cells. Luciferase activities were
assayed using the DLAR-5 luciferase assay reagents. The
decay of the renilla luciferase signal shown 1n Panel B above
can be greatly minimized (1e the bioluminescent signal can be
rendered much more stable by addition of a Rerilla luciterase
stabilizer to the DLAR-5 butfer.

FIG. 24 shows Emission spectra of different luciferases in
samples of transiected cell lysates. Relative luciferase activi-
ties of Cypridina, Green Rernilla luciferases were assayed
with the appropriate luciferase assay reagent to obtain spec-
tral profiles. The emission max of Vargula luciferase 1s 463
nm; Green Rernilla luciterase 1s 527 nm. Note that the data
presented in this application 1s performed with the green-
emitting mutant that emits at 527 to 530 nm (this 1s the
variation 1 emission maxima seen and the luciferase 1s dif-
ferent 1n sequence, properties and emission maximum from
the 3535 nm emitting intracellular green emitting Renilla
luciferase mutant described 1 US Patent Publication No.
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20090136998, which 1s hereby 1incorporated by reference 1n
its entirety and in particular for all teachings related to Green
Renilla luciferase.

FIG. 25 shows kinetics of luciferase activity of different

20

ties of Cypridina, Renilla and Red Luciola Italia luciferases
were assayed with the approprate luciferase assay reagent to
obtain spectral profiles. The emission max of Vargula
luciferase 1s 463 nm; Green Renilla luciferase 1s 527 nm and

luciferase reporters using luciferase assay reagents in the 5 Red Luciola Italia luciferase 1s 617 nm.
triple reporter system. Reactions were set up to measure the The present invention also provides a single solution-based
kinetics of the luciferase activities of different luciferases in triple luciferase reporter assay involving Cypridina luciferase
samples of transiected cells. Luciferase activities were mea- multiplexed with Green-emitting Renilla luciferase and Red-
sured using the TLAR luciferase assay reagents (Targeting emitting Firefly luciferase. This assay 1s compatible with high
Systems). 10 throughput applications. This assay 1s also optionally in a

FI1G. 26 shows emission spectra of different luciferases in format where the three luciferases can be assayed separately
samples of transfected cell lysates. Relative luciferase activi- using three different assay reagents

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 7

<210> SEQ ID NO 1

<211> LENGTH: 6173

<212> TYPE: DNA&

<213> ORGANISM: Renilla reniformis

<400> SEQUENCE: 1

gacggatcgg gagatctccce gatcccecctat ggtcgactct cagtacaatc tgctcectgatg 60

ccgcatagtt aagccagtat ctgctcectg cttgtgtgtt ggaggtcgcect gagtagtgcg 120

cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctgc 180

ttagggttag gcgttttgceg ctgcttecgeg atgtacgggce cagatatacg cgttgacatt 240

gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata 200

tggagttccyg cgttacataa cttacggtaa atggcccocgece tggctgaccg cccaacgacc 360

ccegeccatt gacgtcaata atgacgtatg ttceccatagt aacgccaata gggactttcec 420

attgacgtca atgggtggac tatttacggt aaactgccca cttggcagta catcaagtgt 480

atcatatgcc aagtacgccce cctattgacg tcaatgacgg taaatggccce gcectggcatt 540

atgcccagta catgacctta tgggactttc ctacttggca gtacatctac gtattagtca 600

tcgctattac catggtgatg cggttttggce agtacatcaa tgggcgtgga tagcggtttg 660

actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcacc 720

aaaatcaacg ggactttcca aaatgtcgta acaactccgce cccattgacg caaatgggcg 780

gtaggcgtgt acggtgggag gtctatataa gcagagctct ctggctaact agagaaccca 840

ctgcttactg gcttatcgaa attaatacga ctcactatag ggagacccaa gcttggtacc 900

gagctcggat ccatgttgtt gaaagttgtg tttgctattg gatgtatcgt agtgcaggcet 960

atggcctcaa aagtgtacga tccggagcag cggaagagga tgatcacggg gcecccaatgg 1020

tgggcacgat gcaagcagat gaatgtgttg gacagtttca ttaactacta cgacagcgag 1080

aaacacgcgg agaacgcagt gatattcectg cacggcaatg caaccagtag ctatctgtgg 1140

agacacgtgg tgcctcatat tgagccecggtc gctagatgca ttattcceccga tecttattgga 1200

atggggaaat ccggaaagag tggaaatgga tcatataggc tcctcgatca ttataaatat 1260

ctgactgcectt ggtttgaatt gctcaatctg cccaagaaaa tcatctttgt aggacatgat 1320

tggggctceccyg cceccttgettt tcattatgec tatgaacacce aggatcggat caaggcectatt 1380

gttcacatgg agagcgtggt ggatgtgatt gaatcatgga tgggttggcc ggatatagaa 1440

gaagagctgg cgctgattaa atctgaggag ggcgagaaga tggtactcga aaataacttc 1500

tttgtcgaga cggtactgcce cagtaagatc atgcgcaaac tggagcctga agagtttgceg 1560

gcttacctgg aacccttcaa ggagaaggga gaggtgagga gaccgacceccect gtcatggect 1620



cgggaaattc

aacgcttacc

ttctttagta

gtcaaaggac

tcecttegtygy

tactgtcatyg

gtgggctcta

gcgccctgta

acacttgcca

ttcgeccecggcet

gctttacggce

tcgceccectgat

ctettgttec

gggattttgyg

gcgaattaat

gcaggcagaa

ccaggctccc

gtcccgceccce

cceccatgget

ctattccaga

ggagcttgta

attgaacaag

tatgactggy

caggggcgcc
gacgaggcay
gacgttgtca
ctcctgtcat

cggctgcata

gagcgagcac

catcaggggc

gaggatctcg

cgcettttetyg

gcgttggceta

gtgctttacyg

gagttcttct

catcacgaga

tccgggacgc

accccaactt

Ccacaaataa

cgctggtcaa

tccgegetag

acgccatcgt

Ctcacttcct

agagggtctt

ccaagtaaga

tggcttctga

gcggcegcatt

gcgccctagce

ctccecgtca

acctcgaccc

agacggtttt

aaactggaac

ggatttcggce

tctgtggaat

gtatgcaaag

cagcaggcag

taactccgcc

gactaatttt

agtagtgagg

tatccatttt

atggattgca

cacaacagac

cggttetttt

cgcggctatc

ctgaagcggdg

ctcaccttgc

cgcttgatcc

gtactcggat

tcgocgecagc

tcgtgaccca

gattcatcga

ccegtgatat

gtatcgccgce

gagcgggact

tttegattcc

cggcectggatg

gtttattgca

agcatttttt
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aggaggdaag
tgacgacctg
cgagggcgcc
ccaggaggat
gaagaatgag
Cgcttttctg
ggcggaaaga
aagcygcyggcy
gcccecgcetect
agctctaaat
caaaaaactt
tcgecocetttyg
aacactcaac
ctattggtta
gtgtgtcagt
catgcatctc
aagtatgcaa
catcccgecc
CCLttatttat
aggctttttt
cggatctgat
cgcaggttct
aatcggctgce
tgtcaagacc
gtggctggcece
aagggactgg
tcctgceccgag
ggctacctgc
ggaagccggt
cgaactgttc
tggcgatgcc
ctgtggcecgg
tgctgaagag

tcccgatteyg

ctggggttcyg
accgccogcect
atcctcecagc

gcttataatg

tcactgcatt

ccagacgtceg

cctaaactct

aagaagtttc

gcgcccgatyg

cagaggtcca

tgctgcaata

accagctggy

ggtgtggtgg

ttecgetttet

cggggcatcec

gattagggtg

acgttggagt

cctatctegg

aaaaatgagc

tagggtgtgyg

aattagtcag

agcatgcatc

ctaactccgc

gcagaggecd

ggaggcctag

caagagacag

ccggeogcett

tctgatgccy

gacctgtccyg

acdacddgdcd

ctgctattygy

aaagtatcca

ccattcgacc

cttgtcgatc

gccaggctca

tgcttgccga

ctgggtgtgyg

Cttggcggcyg

cagcgcatcyg

aaatgaccga

tctatgaaag

gcggggatct

gttacaaata

ctagttgtgyg
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tcgccattgt

tcatcgaatc

cadacaccgada

aaatgggaaa

tctagtctag

gcaggcatgc

gctctagggg

ttacgcgcag

tcccttectt

ctttagggtt

atggttcacg

ccacgttctt

Cctattcttt

tgatttaaca

aaagtcccca

caaccaggtg

tcaattagtc

ccagttccgce

aggccgcectce

gcttttgcaa

gatgaggatc

gggtggagag

ccgtgttecg

gtgccctgaa

ttccttgecge

gcgaagtgcec

tcatggctga

accaagcgaa

aggatgatct

aggcgcagcat

atatcatggt

cggaccgcta

aatgggctga

ccttetateg

ccaagcgacyg

gttgggcttc

catgctggag

aagcaatagc

tttgtccaaa

ccggaattac

agatcctggt

atttgttaaa

gtatatcaaa

aaataattct

tggggatgcyg

gtatccccac

cgtgaccgcet

tctcocgecacy

ccgatttagt

tagtgggcca

taatagtgga

tgatttataa

aaaatttaac

ggctccceccag

tggaaagtcc

agcaaccata

ccattctccg

tgcctcectgag

aaagctcccg

gtttcgcatyg

gctattcocggc

gctgtcagcyg

tgaactgcag

agctgtgctce

ggggcaggat

tgcaatgcgyg

acatcgcatc

gyacygaadagd

gcceccgacggc

ggaaaatggc

tcaggacata

CCgCcttcectce

ccttettgac

cccaacctgc

ggaatcgttt

ttcttegecce

atcacaaatt

ctcatcaatg

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960
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tatcttatca

agctgtttcec

gcataaagtg

gctcactgcce

aacycygcygddy

cgctgegcetc

ggttatccac

aggccaggaa

acgagcatca

gataccaggc

ttaccggata

gctgtaggta

cccccgttca

taagacacga

atgtaggcgg

cagtatttgyg

cttgatccgy

ttacgcgcayg

ctcagtggaa

tcacctagat

aaacttggtc

tatttcegttc

gcttaccatc

atttatcagc

tatccgcctc

ttaatagttt

ttggtatggc

tgttgtgcaa

ccgcagtgtt

ccgtaagatyg

tgcggcecgacc

gaactttaaa

taccgetgtt

CCCLtacttt

agggaataag

gaagcattta

ataaacaaat

tgtctgtata

tgtgtgaaat

taaagcctgy

cgctttecag

gagaggcggt

ggtcgttcgg

agaatcaggg

ccgtaaaaag

caaaaatcga

gtttcccect

cctgtecgec

tctcagttcyg

gcccgaccgce

cttatcgcca

tgctacagag

tatctgcgcet

caaacaaacc

aaaaaaagga

cgaaaactca

CCtLtttaaat

tgacagttac

atccatagtt

tggccccagt

aataaaccag

catccagtct

gcgcaacgtt

ttcattcagc

aaaagcggtt

atcactcatg

cttttetgtyg

gagttgctct

agtgctcatc

gagatccagt

caccagcgtt

ggcdacacdy

tcagggttat

aggggttccg

<210> SEQ ID NO 2

<211> LENGTH:
<212> TYPERE:

6839
DNA
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ccgtcegaccet
tgttatccgc
ggtgcctaat
tcgggaaacc
ttgcgtattyg
ctgcggegag
gataacgcag
gcegegttge
cgctcaagtc
ggaagctccc
CLtctccecectt
gtgtaggtcyg
tgcgccttat
ctggcagcag
ttcttgaagt
ctgctgaagc
accgctggta
tctcaagaayg
cgttaaggga
taaaaatgaa
caatgcttaa
gcctgactcce
gctgcaatga
ccagccaggaa
attaattgtt
gttgccattyg
tccggttccec
agctccetteg
gttatggcag
actggtgagt
tgcccggegt
attggaaaac

tcgatgtaac
tctgggtgag
aaatgttgaa
tgtctcatga

cgcacatttc

ctagctagag

tcacaattcc

gagtgagcta

tgtcgtgcca

ggcgctctte

cggtatcagc

gaaagaacat

tggcegttttt

agaggtggceg

tcgtgogcetc

cgggaagcgt

ttcgctccaa

ccggtaacta

ccactggtaa

ggtggcctaa

cagttacctt

gcggtggttt

atcctttgat

ttttggtcat

gttttaaatc

tcagtgaggc

ccgtegtgta

taccgcgaga

ggdccgagcey

godydgaayc

ctacaggcat

aacgatcaag

gtcctecgat

cactgcataa

actcaaccaa

caatacggga

gttcttcegygy

ccactecgtgce

caaaaacagyg

tactcatact

gcggatacat

cccgaaaagt

<213> ORGANISM: Artificial Sequence
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cttggcgtaa

acacaacata

actcacatta

gctgcattaa

cgcttecteg

tcactcaaag

gtgagcaaaa

ccataggcetc

dadcCccdgacd

tcctgttecg

ggcgctttcet

gﬂtgggﬂtgt

tcgtecttgag

caggattagc

ctacggctac

cggaaaaaga

ttttgtttge

cttttctacyg

gagattatca

aatctaaagt

acctatctca

gataactacyg

cccacgctca

cagaagtggt

tagagtaagt

cgtggtgtca

gcgagttaca

cgttgtcaga

Ctctcttact

gtcattctga

taataccgcg

gcgaaaactc

acccaactga

aaggcaaaat

CCCCCCLCtCtL

atttgaatgt

gccacctgac

tcatggtcat

cgagccggaa

attgcgttgce

tgaatcggcec

ctcactgact

gcggtaatac

ggccagcaaa

cgccceccecty

ggactataaa

accctgecgce

caatgctcac

gtgcacgaac

tccaaccecygy

agagcgaggt

actagaagga

gttggtagct

aagcagcaga

gggtctgacg

aaaaggatct

atatatgagt

gcgatctgtce

atacgggagg

ccggcectcecag

cctgcaactt

agttcgccag

cgctegtegt

tgatccccca

agtaagttgg

gtcatgccat

gaatagtgta

ccacatagca

tcaaggatct

tcttcagcat

gccgcaaaaa

caatattatt

atttagaaaa

gtc

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6173

24



<220>
<223 >

FEATURE:
OTHER INFORMATION: Modified red firefly luciferase with secretory

signal

<400>

gacggatcgg

ccgcatagtt

cgagcaaaat

ttagggttag

gattattgac

tggagttccyg

cccgcccatt

attgacgtca

atcatatgcc

atgcccagta

tcgctattac

actcacgggy

aaaatcaacg

gtaggcgtgt

ctgcttacty

gagctcggat

ttcggctacce

tacgccaagc

cagcagtact

ccagaaggac

gctggtettt

ctgaaccaca

cccaaagtgc

agtaaggtca

ctgggctttc

gctctgcetta

gaggccctgg

ccaggtaccy

ttgggctact

ttcctgcgcea

gcaattctta

gccageggtyg

ctcccaggcey

cctaagggcy

attattgacc

aaaggaccat

gacgaggaay

SEQUENCE: 2

gagatctccc

aagccagtat

ttaagctaca

gcecgttttgey

tagttattaa

cgttacataa

gacgtcaata

atgggtggac

aagtacgccc

catgacctta

catggtgatyg

atttccaagt

ggactttcca

acggtgggag

gcttatcgaa

ccatggectt

cgatcgagga

tcggcegcecat

tcgacatcac

acatcgctct

acatcggagt

gtctggggat

ttgaggtgca

acttcggcgy

ctgccacctc

tgaactcttc

tcacgagatt

ctatcctgac

ttgcectygeygy

cacttcagga

ataggtctga

gtgctccact

tccggcaggg

acgacaagcc

tcgataccaa

ctcttatgtt

gctggctgca

25

gatccectat
ctgctcececcty
acaaggcaag
ctgcttegey
tagtaatcaa
cttacggtaa
atgacgtatyg
tatttacggt
cctattgacy
tgggactttc
cggttttggc
ctccacccca
aaatgtcgta
gtctatataa
attaatacga
cctgtggcety
gggctctgcce
cgccttcagt
gtgcagactc
ctgtagcgag
tacagtcgcy
agcccaacct
gaagaccgtyg
ttatgactgc
atttgtgccc
cggttccaca
ctctcacgcet
tgtcgtgcect
ttaccggatt

ttacaagtgc
gctceccttgat
tgccaaggag
atatggactc
gyggagccagc
gaaaacgttyg
gggatacacyg

cacgggtgac

ggtcgactct

cttgtgtgtt

gcttgaccga

atgtacgggc

ttacggggtc

atggcccgcec

ttcccatagt

aaactgccca

tcaatgacgy

ctacttggca

agtacatcaa

ttgacgtcaa

acaactccgc

gcagagctct

ctcactatag

ctgtccectget

ggcatccaat

aacgccctga

gccgaggcta

aactgcgaag

ccaactaacg

actatcgtat

acttgcatca

gtagagacct

atcgacgtca

gggctgccca

aaggacccta

ttccaccacg

gtcatgctta

actacagtaa

aagtttgacc

atcggcgagg

accgagacta

ggcaaggtcg

ggtgtcaaca

aacaatcctg

atcgggtact

US 9,353,401 B2

-continued

cagtacaatc

ggaggtcgct

caattgcatg

cagatatacyg

attagttcat

tggctgaccyg

aacgccaata

cttggcagta

taaatggccc

gtacatctac

tgggcgtgga

tgggagtttg

cccattgacg

ctggctaact

ggagacccaa

gggccctgcet

tgcacaagta

caggcgtcga

tgaagaacta

agttcttcat

aaatttatac

tctctagecag

aaaccattgt

tcattaagaa

aagaccggaa

aaggagtaga

tatacggcaa

gcttcecggaat

ctaagttcga

tcetggtgec

tctctaacct

ctgttgcaag

ccagtgcctt

tgcctetgtt

gacgdgdaga

aagccaccag

acgacgagga

tgctctgatg

gagtagtgcg

aagaatctgc

cgttgacatt

agcccatata

cccaacygacc

gggactttcc

catcaagtgt

gcctggcatt

gtattagtca

tagcggtttyg

ttttggcacc

caaatgggcyg

agagaaccca

gcttggtacc

gggcaccacc

catgcaacaa

catcagctac

cggcatgaag

tcctgttetg

acttagagag

gaagggcctg

catcctggac

acacgtcgag

gcaccacatt

gatcactcac

tcaggtggcc

gttcactact

cgaggagctt

gacactgttc

gactgaaata

aagattcaac

tatcatcact

caaggtgaag

aatctgcgtyg

agaaactatt

tgagcacttc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220



tttatagtcg

gaactggagt

cccgacagceyg

atgactgaga

aggggcdgcy

aaagttatca
aattcttact

gatgcggtgg

ccocacgcogc

accgctacac

gccacgttcg

tttagtgctt

gggccatcgc

agtggactct

ttataaggga

tttaacgcga

cceccaggcag

aagtccccag

accatagtcc

tCtCCgCCCC

tctgagctat

ctceccgggayg

cgcatgattyg

ttcggctaty

tcagcgcagy

ctgcaggacy

gtgctcgacy

caggatctcc

atgcggceggce

cgcatcgagc

gaagagcatc

gacgygcgaygy

aatggccgcet

gacatagcgt

ttcctegtygc

cttgacgagt

acctgccatce

tcgttttecg

tcgcccaccc

accgcectgaa

ctgtgctcct

aggcagygcda

aagaaatcgt

tgcggttcgt

gggagatact

gtcatgccaa

gctctatggce

cctgtagegy

ttgccagcgc

ccggetttec

tacggcacct

cctgatagac

tgttccaaac

ttttggggat

attaattctg

gcagaagtat

gctcccoccagce

cgcccctaac

atggctgact

tccagaagta

cttgtatatc

aacaagatgg

actgggcaca

ggﬂgﬂﬂﬂggt

adycagcycd

ttgtcactga

tgtcatctca

tgcatacgct

gagcacgtac

aggggctcgc

atctcgtcegt

tttctggatt

tggctacccy

tttacggtat

tcttcectgagc

acgagatttc

gdacqCccydgcC

caacttgttt

27

atctctcatt
gcaacaccct
gctgcctgga
agactatgta
agatgaagtc
caagaaacct
gtaagatgct
ttctgaggcy
cgcattaagc
cctagcogcocc
ccgtcaagcet
cgaccccaaa
ggtttttage
tggaacaaca
ttcggcectat
tggaatgtgt
gcaaagcatg
aggcagaagt
tccgeccecatc
aatttttttt
gtgaggaggc
cattttcgga
attgcacgca
acagacaatc
CCCCLLtgtc
gctatcgtgy
agceggygaagy
ccttgetect
tgatccggcet
tcggatggaa
gccagccgaa
gacccatggc
catcgactgt

tgatattgcet

cgccocgetocec

gggactctygyg
gattccaccy

tggatgatcc

attgcagctt

aagtataaag

aacattagag

gccgtegttyg

aactcccagy

cccaaggggc

caagcaggtyg

tttetgtget

gaaagaacca

gcggegggtyg

gctccocttteg

ctaaatcggy

aaacttgatt

cctttgacgt

ctcaacccta

tggttaaaaa

gtcagttagyg

catctcaatt

atgcaaagca

ccgcccctaa

atttatgcag

ttttttggag

tctgatcaag

ggttctcoccogyg

ggctgctcetyg

aagaccgacc

ctggccacga

gactggctgc

gccgagaaag

acctgcccat

gccggtetty

ctgttcgceca

gatgcctgcet

ggccggetgyg

gaagagcttyg

gattcgcagce

ggttcgaaat

cCCcgccttcecta

tccagegegy

ataatggtta

US 9,353,401 B2

-continued

gataccaagt

atgctggtgt

tgatggaaaa

tggtcaacca

tcacaggaaa

ggtagtctag

gcaatagcag

gﬂtggggﬂtﬂ

tggtggttac

CCCCcttccc

gcatcccttt

agggtgatgyg

tggagtccac

tctecggtceta

atgagctgat

gtgtggaaag

agtcagcaac

tgcatctcaa

ctccocgeccag

AggocygayycCc

gcctaggcett

agacaggatg

ccgettgggt

atgccgccgt

tgtccggtgce

cgggegttec

tattgggcga

tatccatcat

tcgaccacca

tcgatcagga

ggctcaaggc

tgccgaatat

gtgtggcgga

gcggcegaatg

gcatcgcctt

gaccgaccaa

tgaaaggttyg

ggatctcatyg

caaataaagc

gccaccagcet

ggccggggtet

gggaaagaca

caagcggctyg

gatcgacgcy

atctagaaat

gcatgctggg

tagggggtat

gcgecagegtyg

CECCLLECLEC

agggttccga

ttcacgtagt

gttctttaat

Ctcttttgat

ttaacaaaaa

tccccagget

caggtgtgga

ttagtcagca

ttccgcccat

cgcctetgec

ttgcaaaaag

aggatcgttt

ggagaggcta

gttccecggcety

cctgaatgaa

ttgcgcaget

agtgccgggy

ggctgatgca

agcgaaacat

tgatctggac

gcgcatgccc

catggtggaa

ccgcetatcag

ggctgaccgc

ctatcgcectt

gcgacgcocca

ggcttcggaa

ctggagttct

aatagcatca

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

28



caaatttcac

tcaatgtatc

ggtcatagct

ccggaagcat

cgttgcegcetc

tcggccaacy

ctgactcgcet

taatacggtt

agcaaaaggc

ccectgacga

tataaagata

tgccgcettac

gctcacgctyg

ACHaaCCCCC

acccggtaag

cgaggtatgt

gaaggacagt

gtagctcttyg

agcagattac

ctgacgctca

ggatcttcac

atgagtaaac

tctgtctatt

gggagggctt

ctccagattt

caactttatc

cgccagttaa

cgtcegtttgy

ccececcatgtt

agttggccgc

tgccatccgt

agtgtatgcy

atagcagaac

ggatcttacc

cagcatcttt

caaaaaaggyg

attattgaag

agaaaaataa

aaataaagca

ttatcatgtc

gtttceetgtg

aaagtgtaaa

actgcccgcet

cgeyggygdgaga

gcgeteggtce

atccacagaa

caggaaccgt

gcatcacaaa

ccaggcgttt

cggatacctyg

taggtatctc

cgttcagccc

acacgactta

aggcggtgct

atttggtatc

atccggcaaa

gcgcagaaaa

gtggaacgaa

ctagatcctt

ttggtctgac

tcgttcatcc

accatctggc

atcagcaata

cgcctccatc

tagtttgcgc

tatggcttca

gtgcaaaaaa

agtgttatca

aagatgcttt

gcgaccgagt

tttaaaagtyg

gctgttgaga

tactttcacc

aataagggcy

catttatcag

acaaataggyg

<210> SEQ ID NO 3

<«211> LENGTH:

6833

29

CCLLCLCtcac
tgtataccgt
tgaaattgtt
gcectggggtyg
ttccagtcecgy
ggcggtttge
gttcggcetgce
tcaggggata
aaaaaggccyg
aatcgacgct
cceccocctggaa
tccgectttc
agttcggtgt
gaccgctgceg
tcgccactgy
acagagttct
tgcgctetgc
caaaccaccyg
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat
atagttgcct
cccagtgcetyg
aaccagccag
cagtctatta
aacgttgttyg
ttcagctcceyg
gcggttaget
ctcatggtta
tctgtgacty
tgctcecttgec

ctcatcattg
tccagttcga
agcgtttctg
acacggaaat
ggttattgtc

gttccgegca

tgcattctag
cgacctctag
atccgcetcac
cctaatgagt

gaaacctgtc

gtattgggcy
ggcgagcggt
acgcaggaaa
cgttgctggce
caagtcagag
gctcccectegt
tcececttegygy
aggtcgttcg
ccttatcecgg
cagcagccac
tgaagtggtg
tgaagccagt
ctggtagegg
aagaagatcc
aagggatttt
aatgaagttt
gcttaatcag
gactccccgt
caatgatacc
ccyggaaygygyc
attgttgccg
ccattgctac
gttcccaacy
cctteggtec
tggcagcact
gtgagtactc
cggcegtcaat

gaaaacgttc

tgtaacccac

ggtgagcaaa

gttgaatact

tcatgagcgy

catttccececg

US 9,353,401 B2

-continued

ttgtggtttg

ctagagcttyg

aattccacac

gagctaactc

gtgccagcty

ctcttecget

atcagctcac

gaacatgtga

gtttttccat

gtggcgaaac

gcgctcectect

aagcgtggceyg

ctccaagcetg

taactatcgt

tggtaacagyg

gcctaactac

taccttcgga

tggttttttt

Cttgatcttt

ggtcatgaga

taaatcaatc

tgaggcacct

cgtgtagata

gcgagaccca

cgagcgcaga

ggaagctaga

aggcatcgtyg

atcaaggcga

tccgategtt

gcataattct

aaccaagtca

acgggataat

ctcggggcga

tcgtgcaccce

aacaggaagyg

catactcttc

atacatattt

aaaagtgcca

Cccaaactca

gcgtaatcat

aacatacgag

acattaattg

cattaatgaa

Ccctcecgctca

tcaaaggcgy

gcaaaaggcc

aggctccgcec

ccgacaggac

gttccgaccc

Ctttctcaat

ggﬂtgtgtgﬂ

cttgagtcca

attagcagag

ggctacacta

aaaagagttg

gtttgcaagc

tctacggggt

ttatcaaaaa

taaagtatat

atctcagcga

actacgatac

cgctcaccygyg

agtggtcctg

gtaagtagtt

gtgtcacgct

gttacatgat

gtcagaagta

cttactgtca

ttctgagaat

accgcegecac

aaactctcaa

aactgatctt

caaaatgccg

CCLtttcaat

gaatgtattt

cctgacgte

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

64380

6540

6600

6660

6720

6780

6839

30



<212 >
<213>
<220>
<223>

TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: A mammalian expression vector expressing Red
emitting firefly luciferase

DNA

31

US 9,353,401 B2

-continued

(human codon optimized signal)

control of the CMV promoter)

<400> SEQUENCE: 3

gacggatcgg

ccgcatagtt

cgagcaaaat

ttagggttag

gattattgac

tggagttccyg

ccegeccatt

attgacgtca

atcatatgcc

atgcccagta

tcgctattac

actcacgggy

aaaatcaacg

gtaggcgtgt

ctgcttactyg

gagctcggat

tacccgatcyg

aagctcggcyg

tacttcgaca

ggacacatcg

ctttacatcyg

cacagtctygy

gtgcttgagg

gtcaacttcg

tttcctgceca

cttatgaact

ctggtcacga

accgctatcc

tactttgcct

cgcacacttc

cttaataggt

ggtggtgﬂtﬂ

ggcgtccggc

ggcgacgaca

gacctcgata

gagatctccc

aagccagtat

ttaagctaca

gcgttttgceg

tagttattaa

cgttacataa

gacgtcaata

atgggtggac

aagtacgccc

catgacctta

catggtgatyg

atttccaagt

ggactttcca

acggtgggag

gcttatcgaa

ccatggaaac

aggagggctc

ccatcgcctt

tcacgtgcag

ctctectgtag

gagttacagt

ggatagccca

tgcagaagac

gcggttatga

ccteatttgt

cttccggttc

gattctctca

tgactgtcgt

gcggttaccy

aggattacaa

ctgagctcct

cacttgccaa

agggatatgg

adgCccgydgadcC

ccaadadaaac

gatcccctat

ctgctcececctyg

acaaggcaag

ctgcttegey

tagtaatcaa

cttacggtaa

atgacgtatyg

tatttacggt

cctattgacg

tgggactttc

cggttttggc

ctccacccca

aaatgtcgta

gtctatataa

attaatacga

agaaagagaa

tgccggcatc

cagtaacgcc

actcgccgag

cgagaactgc

cgcgccaact

acctactatc

cgtgacttgc

ctgcgtagag

gcccatcgac

cacagggctyg

cgctaaggac

gcctttccac

gattgtcatg

gtgcactaca

tgataagttt

ggagatcggc

actcaccgag

cagcggcaag

gttgggtgtc

ggtcgactct

cttgtgtgtt

gcttgaccga

atgtacgggc

ttacggggtc

atggcccgcec

ttcccatagt

aaactgccca

tcaatgacgg

ctacttggca

agtacatcaa

ttgacgtcaa

acaactccgc

gcagagctct

ctcactatag

gaaaacgttyg

caattgcaca

ctgacaggcy

gctatgaaga

gaagagttct

aacgaaattt

gtattctcta

atcaaaacca

accttcatta

gtcaaagacc

cccaaaggag

cctatatacg

cacggctteg

cttactaagt

gtaatcctgyg

gacctctcta

gaggctgttyg

actaccagtyg

gtcgtgectce

aacagacggyg

cagtacaatc

ggaggtcgct

caattgcatg

cagatatacg

attagttcat

tggctgaccyg

aacgccaata

cttggcagta

taaatggccc

gtacatctac

tgggcgtgga

tgggagtttg

cccattgacg

ctggctaact

ggagacccaa

tctacggccc

agtacatgca

tcgacatcag

actacggcat

tcattcctgt

atacacttag

gceagdaagygd

ttgtcatcct

agaaacacgt

ggaagcacca

tagagatcac

gcaatcaggt

gaatgttcac

tcgacgagga

tgccgacact

acctgactga

caagaagatt

cctttatcat

tgttcaaggt

gagaaatctyg

tgctctgatg

gagtagtgcg

aagaatctgc

cgttgacatt

agcccatata

cccaacgacc

gggactttcc

catcaagtgt

gcctggcatt

gtattagtca

tagcggtttyg

ttttggcacc

caaatgggcg

agagaaccca

gcttggtacc

actgccattc

acaatacgcc

ctaccagcag

gaagccagaa

tctggcetggt

agagctgaac

cctgcccaaa

ggacagtaag

cgagctgggc

cattgctctg

tcacgaggcc

ggccccaggt

tactttgggc

gcttttecty

gttcgcaatt

aatagccagc

caacctccca

cactcctaag

gaagattatt

cgtgaaagga

under

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100



ccatctctta

gaaggctggc

gtcgaccgcc

gagtctgtgce

agcgaggeag

gagaaagaaa

ggcgtgeggt

atcagggaga

tactgtcatyg

gtgggctcta

gcgccctgta

acacttgcca

ttcgceccecggcet

gctttacggce

tcgccecctgat

ctcttgttec

gggattttgg

gcgaattaat

gcaggcagaa

ccaggctcecc

gtccecgecce

ccceccatgget

ctattccaga

ggagcttgta

attgaacaag

tatgactggy

caggggcgcc
gacgaggcay
gacgttgtca
ctcctgtcat

cggctgcata

gagcgagcac

catcaggggc

gaggatctcg

cgcttttety

gcgttggcta

gtgctttacyg

gagttcttcet

catcacgaga

tccgggacgc

tgttgggata

tgcacacggy

tgaaatctct

tcctgcaaca

gcgagctgcec

tcgtagacta

tcgtagatga

tactcaagaa

ccaagtaaga

tggcttctga

gcggcgcatt

gcgccctagce

ttccccgtca

acctcgaccc

agacggtttt

aaactggaac

ggatttcggc

tctgtggaat

gtatgcaaag

cagcaggcag

taactccgcce

gactaatttt

agtagtgagyg

tatccatttt

atggattgca

cacadcagac

cggttetttt

cgcggctatc

ctgaagcggg

ctcaccttgc

cgcttgatcc

gtactcggat

tcgecgecagce

tcgtgaccca

gattcatcga

ccegtgatat

gtatcgccgce

gagcgggact

tttcgattec

cggctggatg

33

cacgaacaat
tgacatcggg
cattaagtat
ccctaacatt
tggagccgtc
tgtaaactcc
agtccccaag
acctcaagca
tgcttttetyg
ggcggaaaga
aagcgcyggcy
gcccgcetect
agctctaaat
caaaaaactt
tcgcectttyg
aacactcaac
ctattggtta
gtgtgtcagt
catgcatctc
aagtatgcaa
catcccgecce
CCLttatttat
aggctttttt
cggatctgat
cgcaggttct
aatcggctgce
tgtcaagacc
gtggctggcece
aagggactgg
tcctgecgag
ggctacctgc
ggaagccggt
cgaactgttc
tggcgatgcc
ctgtggecegy
tgctgaagag

tcccgatteyg

Ctggggttcg

accgccogcect

atcctccagc

cctgaagcca

tactacgacy

aaaggatacc

agagatgctyg

gttgtgatgg

caggtggtca

gggctcacag

ggtgggtagt

tgctgcaata

accagctggy

ggtgtggtgg

ttegetttet

cggggcatcc

gattagggtg

acgttggagt

cctatcectegy

aaaaatgagc

tagggtgtgg

aattagtcag

agcatgcatc

ctaactccgce

gceagaggecd

ggaggcctag

caagagacag

ccggecogcett

tctgatgcecy

gacctgtccyg

acdacygdycd

ctgctattgyg

aaagtatcca

ccattcgacc

cttgtcgatc

gccaggctca

tgcttgccga

ctgggtgtgg

Cttggﬂggﬂg

cagcgcatcyg

aaatgaccga

tctatgaaag

gcggggatct
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ccagagaaac

aggatgagca

aagtgccacc

gtgtggccgg

aaaagggaaa

accacaagcg

gaaagatcga

ctagatctag

gcaggcatgc

gctctagggg

ttacgcgcag

Ccccttectt

ctttagggtt

atggttcacg

ccacgttcett

Cctattcttt

tgatttaaca

aaagtcccca

caaccaggtg

tcaattagtc

ccagttccge

aggccgcectce

gcttttgcaa

gatgaggatc

gggtggagag

ccgtgttecg

gtgccctgaa

ttccttgecge

gcgaagtgcc

tcatggctga

accaagcgaa

aggatgatct

aggcgcgcat

atatcatggt

cggaccgcta

aatgggctga

ccttetatceg

ccaagcgacy

gttgggcttc

catgctggag

tattgacgag

CCLLcCctttata

agctgaactg

ggttcccocgac

gacaatgact

gctgagggge

cgcgaaagtt

aaataattct

tggggatgcyg

gtatccccac

cgtgaccgct

tctcocgecacy

ccgatttagt

tagtgggcca

taatagtgga

tgatttataa

aaaatttaac

ggctccceccayg

tggaaagtcc

agcaaccata

ccattctecyg

tgcctcectgag

aaagctcccg

gtttcgcatyg

gctattcacggc

gctgtcagcy

tgaactgcag

agctgtgctce

ggggcaggat

tgcaatgcgyg

acatcgcatc

gyacdaadad

gcccocgacggc

ggaaaatggc

tcaggacata

CCgCttCCtC

ccttettgac

cccaacctgc

ggaatcgttt

ttcttogecce

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

34



accccaactt

tcacaaataa

tatcttatca

agctgtttcc

gcataaagtg

gctcactgcce

AacyCcygCcydyddy

cgctgegcetc

ggttatccac

aggccaggaa

acgagcatca

gataccaggc

ttaccggata

gctgtaggta

cccccgttca

taagacacga

atgtaggcgg

cagtatttgg

cttgatccgy

ttacgcgcag

ctcagtggaa

tcacctagat

aaacttggtc

tatttegttc

gcttaccatc

atttatcagc

tatccgcctc

ttaatagttt

ttggtatggc

tgttgtgcaa

ccgcagtgtt

ccgtaagatyg

tgcggcgacc

gaactttaaa

taccgctgtt

CCLLCtacttt

agggaataag

gaagcattta

ataaacaaat

gtttattgca

agcatttttt

tgtctgtata

tgtgtgaaat

taaagcctgy

cgctttcecag

gagaggcggt

ggtﬂgttﬂgg

agaatcaggy

ccgtaaaaag

caaaaatcga

gtttcccecect

cctgtcecegcec

tctcagttcy

gcccgaccgce

cttatcgcca

tgctacagag

tatctgcgcet

cadaadcadadacc

aaaaaaagga

cgaaaactca

CcCttttaaat

tgacagttac

atccatagtt

tggccccagt

aataaaccag

catccagtct

gcgcaacgtt

ttcattcagc

aaaagcggtt

atcactcatg

cttttcetgtyg

gagttgctct

agtgctcatc

gagatccagt

caccagcgtt

ggcgacacdy

tcagggttat

aggggttccg

35

gcttataatyg
tcactgcatt
ccgtcecgacct
tgttatccgce
ggtgcctaat
tcgggaaacc
ctgcgtattg
ctgcggegag
gataacgcag
gccgegttgc
cgctcaagtc
ggaagctccc
CLtctcceccetet
gtgtaggtcy
tgcgcecttat
ctggcagcag
ttcttgaagt
ctgctgaagc
accgctggta
tctcaagaag
cgttaaggga
taaaaatgaa
caatgcttaa
gcctgactcc
gctgcaatga
ccagccggaa
attaattgtt
gttgccattyg
tccggttcecc
agctcctteg
gttatggcag
actggtgagt
tgccececggegt
attggaaaac
tcgatgtaac
tctgggtgag
aaatgttgaa
tgtctcatga

cgcacatttc

gttacaaata

ctagttgtgg

ctagctagag

tcacaattcc

gagtgagcta

tgtcgtgcca

ggcgctctte

cggtatcagc

gaaagaacat

tggcgttttt

agaggtggceg

tcgtgegcetce

cgggaagcdgt

Ctcgctceccaa

ccggtaacta

ccactggtaa

ggtggcctaa

cagttacctt

gcggtggttet

atcctttgat

ttttggtcat

gttttaaatc

tcagtgaggc

ccgtegtgta

taccgcgaga

gggccgagcey

gocdydgaayc

ctacaggcat

aacgatcaag

gtcctccgat

cactgcataa

actcaaccaa

caatacggga

gttcttocggy

ccactcogtgc

caaaaacagg

tactcatact

gcggatacat

cccgaaaagt
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aagcaatagc

tttgtccaaa

cttggcgtaa

acacaacata

actcacatta

gctgcattaa

cgcttecteg

tcactcaaag

gtgagcaaaa

ccataggctce

daacccygaca

tcectgttecyg

ggcgctttet

gctgggctgt

tcgtcecttgag

caggattagc

ctacggctac

cggaaaaaga

ttttgtttge

cttttetacg

gagattatca

aatctaaagt

acctatctca

gataactacyg

cccacgctca

cagaagtggt

tagagtaagt

cgtggtgtca

gcgagttaca

cgttgtcaga

Ctctcttact

gtcattctga

taataccgcyg

gcgaaaactc

acccaactga

aaggcaaaat

CCLCCLtLCCLC

atttgaatgt

gccacctgac

atcacaaatt

ctcatcaatg

tcatggtcat

cgagccggaa

attgcgttgce

tgaatcggcc

ctcactgact

gcggtaatac

ggccagcaaa

cgccocceecty

ggactataaa

accctgecgce

caatgctcac

gtgcacgaac

tccaacccygyg

agagcgaggt

actagaagga

gttggtagct

aagcagcaga

gggtctgacg

aaaaggatct

atatatgagt

gcgatctgtc

atacgggagg

ccggcetcecag

cctgcaactt

agttcgccag

cgctcecgtegt

tgatccccca

agtaagttgg

gtcatgccat

gaatagtgta

ccacatagca

tcaaggatct

tcttcagcat

gccgcaaaaa

caatattattc

atttagaaaa

gtc

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

64380

6540

6600

6660

6720

6780

6833

36
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<210> SEQ ID NO 4

«211> LENGTH: 6827

<«212> TYPE: DNA

«213> ORGANISM: Luciola italica
«<220> FEATURE:
<221> NAME/KEY :
«222> LOCATION:
«<«220> FEATURE:
<221> NAME/KEY :
222> LOCATION:
«220> FEATURE:
<221> NAME/KEY :
«222> LOCATION:
«<220> FEATURE:
<221> NAME/KEY :
«222> LOCATION:
«220> FEATURE:
<221> NAME/KEY :
222> LOCATION:
«<220> FEATURE:
<221> NAME/KEY :
«222> LOCATION:
«<220> FEATURE:
<221> NAME/KEY :
«222> LOCATION:
«220> FEATURE:

CMV promoter bases
(209) (863)

Green emitting firefly luciferase gene
(907) (2560)

T7 promoter bases
(1827) (1845)

Polylinker bases
(1852) (1870)

Synthetic polyadenylation site
(2560) (2604)

SP6 promoter
(2576) (2593)

SV40 promoter bases
(3145) (3480)

<221> NAME/KEY: SV40 origin of replication: basesg

<222> LOCATION: (3259) (3344)

«220> FEATURE:

«221> NAME/KEY: Neomycin ORF bases

<222> LOCATION: (351¢6) (4310)

«220> FEATURE:

<221> NAME/KEY: ColEl origin: bases

<222> LOCATION: (3934) (4607)

«220> FEATURE:

«221> NAME/KEY: SV40 PolyA: bases

<222> LOCATION: (4365) (4737)

«220> FEATURE:

«221> NAME/KEY: Ampicillin ORF: bases

<222> LOCATION: (4752) (5612)

<400> SEQUENCE: 4

gacggatcgyg gagatctceccce gatcecccctat ggtcgactcect cagtacaatce tgctcectgatyg 60
ccgcatagtt aagccagtat ctgctceccecctg cttgtgtgtt ggaggtceget gagtagtgceg 120
cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctgc 180
ttagggttag gcgttttgeg ctgcttcegeg atgtacgggce cagatatacg cgttgacatt 240
gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata 300
tggagttceg cgttacataa cttacggtaa atggcccgece tggctgaccg cccaacgacc 360
ccegeccatt gacgtcaata atgacgtatg ttcecceccatagt aacgceccaata gggactttcec 420
attgacgtca atgggtggac tatttacggt aaactgccca cttggcagta catcaagtgt 480
atcatatgcce aagtacgccce cctattgacg tcaatgacgg taaatggccce gectggecatt 540
atgcccagta catgacctta tgggactttce ctacttggca gtacatctac gtattagtcea 600
tcgctattac catggtgatyg cggttttggce agtacatcaa tgggcecgtgga tageggtttyg 660
actcacgggyg atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggecacc 720
aaaatcaacg ggactttcca aaatgtcgta acaactccecgce cceccattgacg caaatgggceyg 780
gtaggcgtgt acggtgggag gtctatataa gcagagctct ctggctaact agagaaccca 840
ctgcttactyg gcttatcgaa attaatacga ctcactatag ggagacccaa gcttggtacc 500
gagctcggat ccatggaaac agaaagagaa gaaaacgttg tctacggcececc actgccattce 560
tacccgatcecg aggagggctce tgccggcatc caattgcaca agtacatgca acaatacgcc 1020
aagctcggeyg ccatcgectt cagtaacgcece ctgacaggceg tcecgacatcag ctaccagcecag 1080



tacttcgaca

ggacacatcg

ctttacatcyg

cacagtctgy

gtgcttgagg

gtcaacttcg

tttcctgceca

cttatgaact

ctggtcacga

accgcectatcec

tactttgeccet

cgcacacttce

cttaataggt

ggtggtgctc

ggcgtccggc

ggcgacgaca

gacctcgata

ccatctctta

gaaggctggc

gtcgaccgcc

gagtctgtgce

agcgaggeag

gagaaagaaa

ggcgtgeggt

atcagggaga

catgccaagt

tctatggett

tgtagcggcey

gccagagcecc

ggctttcccce

cggcacctcyg

tgatagacgyg

Ctccaaactg

ttggggattt

taattctgtyg

agaagtatgc

tcecceccageay

ccectaactce

ggctgactaa

tcacgtgcag

ctctectgtag

gagttacagt

ggatagccca

tgcagaagac

gcggttatga

ccteatttgt

cttcoccggttc

gattctctca

tgactgtcat

gcggttaccy

aggattacaa

ctgagctcct

cacttgccaa

agggatatgg
agccgdydgadgc
ccaagdaaaac

tgttgggata

tgcacacggy

tgaaatctct

tcctgcaaca

gcgagctgcec

tcgtagacta

tcgtagatga

tactcaagaa

aagatgcttt

ctgaggcgga

cattaagcgc

tagcgcccocgc

gtcaagctct

daccccadaadad

tttttegeec

gaacaacact

cggcctattyg

gaatgtgtgt

aaagcatgca

gcagaagtat

cgcccatccc

CCCCELttat

39

actcgccgag
cgagaactgc
cgcgcecaact
acctactatc
cgtgacttgc
ctgcgtagag
gcccatcgac
cacagggctg
cgctaaggac
ccectttecac
gattgtcatyg
gtgcactagc
tgataagttt
ggagatcggce
actcaccgag
cagcggcaag
gttgggtgtc
cacgaacaat
tgacatcgygg
cattaagtat
ccctaacatt
tggagccgtc
tgtaaactcc
agtccccaag
acctcaagca
tctgtgetyge
aagaaccagc
ggcgggtgtyg
tccttteget
aaatcggggc
acttgattag
tttgacgttyg
caaccctatce
gttaaaaaat
cagttagggt
tctcaattag
gcaaagcatyg

gcccocctaact

ttatgcagag

gctatgaaga

gaagagttct

aacgaaattt

gtattctcta

atcaaaacca

accttcatta

gtcaaagacc

cccaaaggag

cctatatacg

cacgcctteg

cttactaagt

gtaatcctygg

gacctctcta

gaggctgttyg

actaccagtyg

gtcgtgcctce

aacagacggyg

cctgaagcca

tactacgacyg

aaaggatacc

agagatgctyg

gttgtgatgg

caggtggtca

gggctcacag

ggtgggtagt

aatagcaggc

tggggctcta

gtggttacgc

CEtCcttccectt

atccctttag

ggtgatggtt

gagtccacgt

tcggtetatt

gagctgattt

gtggaaagtc

tcagcaacca

catctcaatt

ccgcoccagtt

gccdagyCccy
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actacggcat

tcattectgt

atacacttag

gcaggaagyy

ttgtcatcct

agaaacacgt

ggaagcacca

tagagatcac

gcaatcaggt

gaatgagcac

t cgacgagga

tgccgacact

acctgactga

caagaagatt

cctttatcat

tgttcaaggt

gagaaatctyg

ccagagaaac

aggatgagca

aagtgccacc

gtgtggccegy

aaaagggaaa

accacaagcg

gaaagatcga

ctagaaataa

atgctgggga

gggggtatcc

gcagcgtgac

cctttetege

ggttccgatt

cacgtagtgyg

tctttaatag

Cttttgattt

aacaaaaatt

cccaggctec

ggtgtggaaa

agtcagcaac

ccgcceccattc

cctctgcctc

gaagccagaa

tctggctggt

agagctgaac

cctgcccaaa

ggacagtaag

cgagctgggc

cattgctctg

tcacgaggcc

ggccccaggt

tactttgggc

gcttttectg

gttcgcaatt

aatagccagc

caacctccca

cactcctaag

gaagattatt

cgtgaaagga

tattgacgag

CCLLCLtttata

agctgaactg

ggttcccagac

gacaatgact

gctgagggge

cgcgaaagtt

ttcttactgt

tgeggtggge

ccacgcagcecc

cgctacactt

cacgttcgcce

tagtgcttta

gccatcgcecc

tggactcttyg

ataagggatt

taacgcgaat

ccaggcaggce

gtccceccaggc

catagtcccyg

cccgcececccat

tgagctattc

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

40



cagaagtagt

tgtatatcca

caagatggat

tgggcacaac

cgecccggttc

gceagcgoeyggyce

gtcactgaag

tcatctcacc

catacgcttyg

gcacgtactc

gggﬂtﬂgﬂgﬂ

ctcgtcegtga

tctggattca

gctacccecgtyg

tacggtatcyg

ttctgagcgy

gagatttcga

acgccggcty

acttgtttat

ataaagcatt

atcatgtcty

ttcctgtgty

agtgtaaagc

tgcccgettt

cgg9ggagaygy

gctcggtcegt

ccacagaatc

ggaaccgtaa

atcacaaaaa

aggcgtttcec

gatacctgtc

ggtatctcag

ttcagcccecga

acgacttatc

gcggtgctac

ttggtatctyg

ccggcaaaca

gcagaaaaaa

ggaacgaaaa

agatcctttt

gaggaggctt
ttttcggatc
tgcacgcagg
agacaatcgg
CtCtttgtcaa
tatcgtggcet
cgggaadggda
ttgctecectyge
atccggctac
ggatggaagc
cagccgaact
cccatggcga
tcgactgtygg
atattgctga
ccgcetcececga
gactctgggy
ttccaccgcece
gatgatcctc
tgcagcttat
tttttcacty
tataccgtcg

aaattgttat

ctggggtgcc

ccagtcggga

cggtttgegt

tﬂggﬂtgﬂgg

aggggataac

aaaggccgcyg

tcgacgctca

ccetggaagc

cgcctttetce

ttcggtgtag

ccgetgegec

gccactggca

agagttcttyg

cgctcectgcetyg

aaccaccgct

aggatctcaa

ctcacgttaa

aaattaaaaa

41

ttttggaggc
tgatcaagag
ttctccecggcec
ctgctctgat
gaccgaccty
ggccacgacyg
ctggctgcta
cgagaaagta
ctgcccattce
cggtcttgtce
gttcgccagy
tgcctgettyg
ccggetgggt
agagcttggc
ttcgcagcgce
ttcgaaatga
gccttctatyg
cagcgcdggdydy
aatggttaca
cattctagtt
acctctagcet
ccgctcacaa
taatgagtga
aacctgtcgt
attgggcgct
cgagcggtat
gcaggaaaga
ttgctggcgt
agtcagaggt
tccectegtyge
ccttegggaa
gtcgttegcet
ttatccggta
gcagccactyg
aagtggtggc
aagccagtta
ggtagcggtyg
gaagatcctt

gggattttgg

tgaagtttta

ctaggctttt

acaggatgag

gcttgggtgg

gccgcecegtgt

tccggtgcecc

ggcgttectt

Ctgggcgaag

tccatcatygg

gaccaccaag

gatcaggatg

ctcaaggcgc

ccgaatatca

gtggcggacce

ggcgaatggg

atcgccettet

ccgaccaagc

aaaggttggg

atctcatgcet

aataaagcaa

gtggtttgte

agagcttggc

ttccacacaa

gctaactcac

gccagctgcea

cttccgettc

cagctcactc

acatgtgagc

ttttccatag

ggcgaaaccc

gctctectgt

gcegtggegcet

ccaagctggy

actatcgtct

gtaacaggat

ctaactacgyg

ccttecggaaa

gtttttttgt

tgatcttttce

tcatgagatt

aatcaatcta
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gcaaaaagct

gatcgtttcyg

agaggctatt

tccggetgte

tgaatgaact

gcgcagetgt

tgccggggcea

ctgatgcaat

cgaaacatcg

atctggacga

gcatgcccga

tggtggaaaa

gctatcagga

ctgaccgcett

atcgccettet

gacgcccaac

cttcggaatc

ggagttcttc

tagcatcaca

caaactcatc

gtaatcatygg

catacgagcc

attaattgcg

ttaatgaatc

ctcgctcact

aaaggcggta

aaaaggccag

gctcocgoccc

gacaggacta

tccgaccctyg

ttctcaatgce

ctgtgtgcac
tgagtccaac

tagcagagcg

ctacactaga

aagagttggt

ttgcaagcag

tacggggtct

atcaaaaagg

aagtatatat

ccegggagcet

catgattgaa

cggctatgac

agcgcaygygyy

gcaggacdad

gctcgacgtt

ggatctcctyg

gcggeggcetyg

catcgagcga

agagcatcag

cggcgaggat

tggccgettt

catagcgttyg

cctegtgcett

tgacgagttc

ctgccatcac

gttttccggy

gcccaccccCa

aatttcacaa

aatgtatctt

tcatagctgt

ggaagcataa

ttgcgcectcac

ggccaacgcy

gactcgcetgc

atacggttat

caaaaggcca

cctgacgagce

taaagatacc

ccgcttacceyg

tcacgctgta

gaacccocecy

ccggtaagac

aggtatgtag

aggacagtat

agctcttgat

cagattacgc

gacgctcagt

atcttcacct

gagtaaactt

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

42



ggtctgacayg

gttcatccat

catctggccc

cagcaataaa

cctccatcca

gtttgcgcaa

tggcttcatt

gcaaaaaagc

tgttatcact

gatgctttte

gaccgagttyg

taaaagtgct

tgttgagatc

Ctttcaccag

taagggcgac

tttatcaggy

aaataggggt

tCtaccaatgc

agttgcctga

cagtgctgca

ccagceccagcec

gtctattaat

cgttgttgcec

cagctccggt

ggttagctcc

catggttatyg

tgtgactggt

ctcttgeccy

catcattgga

cagttcgatg

cgtttetgygy

acggaaatgt

ttattgtctc

tccgecgcaca

<210> SEQ ID NO b5

<211> LENGTH:
<212> TYPE:

6834
DNA

43

ttaatcagtg
ctcececgteg

atgataccgc

gygaagggccy
tgttgccgygyg
attgctacag
tcccaacgat
ttcggtcectce
gcagcactgc
gagtactcaa
gcgtcaatac
aaacgttctt
taacccactc
tgagcaaaaa
tgaatactca
atgagcggat

tttccccgaa

aggcacctat

tgtagataac

gagacccacyg

agcgcagaag

aagctagagt

gcatcgtggt

caaggcgagt

cgatcgttgt

ataattctct

ccaagtcatt

gggataatac

cdydggygcygaaa

gtgcacccaa

caggaaggca
tactcttcct

acatatttga

aagtgccacc

<213> ORGANISM: Renilla reniformis

<400> SEQUENCE: 5

gacggatcgg

ccgcatagtt

cgagcaaaat

ttagggttag

gattattgac

tggagttccyg

cccgcccatt

attgacgtca

atcatatgcc

atgcccagta

tcgctattac

actcacggygy

aaaatcaacg

gtaggcgtgt

ctgcttactyg

gagctcggat

gccattctac

atacgccaag

gagatctccc

aagccagtat

ttaagctaca

gcgttttgceyg

tagttattaa

cgttacataa

gacgtcaata

atgggtggac

aagtacgccc

catgacctta

catggtgatyg

atttccaagt

ggactttcca

acggtgggag

gcttatcgaa

ccagccacca

ccgatcecgagy

ctcggcegceca

gatccccectat

ctgctcocecctyg

acaaggcaag

ctgcttegey

tagtaatcaa

cttacggtaa

atgacgtatyg

tatttacggt

cctattgacy

tgggactttc

cggttttggc

ctccaccceca

aaatgtcgta

gtctatataa

attaatacga

tggaaacaga

agggctctgc

tcgcecttcecag

ggtcgactct

cttgtgtgtt

gcttgaccga

atgtacgggc

ttacggggtc

atggcccgcec

ttcccatagt

aaactgccca

tcaatgacgyg

ctacttggca

agtacatcaa

ttgacgtcaa

acaactccgc

gcagagctct

ctcactatag

aagagaagaa

cggcatccaa

taacgccctyg

US 9,353,401 B2
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ctcagcgatc

tacgatacgg

ctcaccggcet

tggtcctgca

aagtagttcg

gtcacgctcyg

tacatgatcc

cagaagtaag

tactgtcatg

ctgagaatag

cgcgccacat

actctcaagg

ctgatcttca

aaatgccgca

Ctttcaatat

atgtatttag

tgacgtc

cagtacaatc

ggaggtcgct
caattgcatg

cagatatacg

attagttcat

tggctgaccyg
aacgccaata
cttggcagta

taaatggccc

gtacatctac

tgggcgtgga

tgggagtttyg

cccattgacg

ctggctaact

ggagacccaa

aacgttgtcet

ttgcacaagt

acaggcgtcg

tgtctattte

gagggcttac

ccagatttat

actttatccg

ccagttaata

tegtttggta

cccatgttgt

ttggccgcag

ccatccgtaa

tgtatgcggce

agcagaactt

atcttaccgc

gcatctttta

aaaaagggaa

tattgaagca

aaaaataaac

tgctctgatg

gagtagtgcg

aagaatctgc

cgttgacatt

agcccatata

cccaacygacc

gggactttcc

catcaagtgt

gcctggceatt

gtattagtca

tagcggtttyg

ttttggcacc

caaatgggcyg

agagaaccca

gcttggtacc

acggcccact

acatgcaaca

acatcagcta

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6827

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

44



ccagcagtac

gccagaagga

ggctggtctt

gctgaaccac

gcccaaagtyg

cagtaaggtc

gctgggettt

tgctcotgett

cgaggccctyg

cccaggtacc

tttgggctac

tttcctgegc

cgcaattctt

agccagceggt

ccteccagygc

tcctaaggygc

gattattgac

gaaaggacca

tgacgaggaa

ctttatagtc

tgaactggayg

tccecgacagc

aatgactgag

gaggggcegge

gaaagttatc

ttactgtcat

ggtgggﬂtﬂt

cgcgcecectgt

tacacttgcc

gttcgoccecggce

tgctttacgy

atcgccecctga

actcttgttce

agggatttty

cgcgaattaa

ggcagygcada

cccaggcetcec

agtcccecgecc

gccccatggce

gctattccag

ttcgacatca
cacatcgctc

tacatcggag

agtctgggga
cttgaggtgc
aacttcggcg
cctgecacct
atgaactctt
gtcacgagat
gctatcctga
tttgcctgceg
acacttcagg
aataggtctg
ggtgctccac
gtcecggceagg
gacgacaagc
ctcgatacca
tctcottatgt
ggctggcetge
gaccgcctga
tctgtgetec
gaggcagycy
aaagaaatcg
gtgcggttceg
agggagatac
gccaagtaag
atggcttctg
agcggcgcat
agcgccctag
tttcccegte
cacctcgacc
tagacggttt

caaactggaa

gggatttcgg

ttctgtggaa

agtatgcaaa

ccagcaggca

ctaactccgc

tgactaattt

aagtagtgag
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cgtgcagact
tctgtagcga
ttacagtcgc
tagcccaacc
agaagaccgt
gttatgactg
catttgtgcec
ceggttecac
tctcectcecacgc
ctgtcgtgcec
gttaccggat
attacaagtyg
agctccecttga
ttgccaagga
gatatggact
cgggagccag
agaaaacgtt
tgggatacac
acacgggtga
aatctctcat
tgcaacaccc
agctgcoctgy
tagactatgt
tagatgaagt
tcaagaaacc
atgcttttet
aggcgygaaay
taagcgcggc
cgccocgcetcec
aagctctaaa
ccaaaaaact
ttcgecocttt

caacactcaa
cctattggtt
tgtgtgtcag
gcatgcatct
gaagtatgca
ccatcecgec
CCLttattta

gaggcttttt

cgccgaggcet

gaactgcgaa

gccaactaac

tactatcgta

gacttgcatc

cgtagagacc

catcgacgtc

agggctgccc

taaggaccct

tCttccaccac

tgtcatgett

cactacagta

taagtttgac

gatcggcgag

caccgagact

cggcaaggtc

gggtgtcaac

gaacaatcct

catcgggtac

taagtataaa

taacattaga

agccgtegtt

aaactcccag

ccccaagggy

tcaagcaggt

gtgctgcaat

aaccagctgyg

gggtgtggtg

tttcogetttc

tcggggcatc

tgattagggt

gacgttggag

cccectatcetcg

aaaaaatgag

ttagggtgtg

caattagtca

aagcatgcat

cctaactcecg

tgcagaggcc

tggaggccta

US 9,353,401 B2
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atgaagaact

gagttcttca

gaaatttata

ttctctagcea

aaaaccattg

ttcattaaga

aaagaccgga

aaaggagtag

atatacggca

ggcttcggaa

actaagttcg

atcctggtgce

ctctctaacc

gctgttgcaa

accagtgcct

gtgcctcetgt

agacyggygygay

gaagccacca

tacgacgagyg

ggataccaag

gatgctggtg

gtgatggaaa

gtggtcaacc

ctcacaggaa

gggtagtcta

agcaggcatg

ggctctaggg

gttacgcgca

ttccecettcect

cctttagggt

gatggttcac

tccacgttet

gtctattett

ctgatttaac

gaaagtcccc

gcaaccaggt

ctcaattagt

cccagttecy

gaggccgcct

ggcttttgca

acggcatgaa

ttcctgttet

cacttagaga

ggaagggcct

tcatcctgga

aacacgtcga

agcaccacat

agatcactca

atcaggtggc

tgttcactac

acgaggagct

cgacactgtt

tgactgaaat

gaagattcaa

Ctatcatcac

tcaaggtgaa

aaatctgcgt

gagaaactat

atgagcactt

tgccaccagce

tggccggggt

agggaaagac

acaagcggct

agatcgacgc

gaaataattc

ctggggatgc

ggtatcccca

gcgtgaccgc
ttctcgecac

tccgatttag

gtagtgggcc
ttaatagtgyg

ttgatttata

aaaaatttaa

aggctcccca

gtggaaagtc

cagcaaccat

cccattcetece

ctgcctetga

aaaagctccc

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

46



gggagcttgt

gattgaacaa

ctatgactgyg

gceagygggege

gdacdydagyca

cgacgttgtc

tctectgtcea

gcggctgcat

cgagcgagca

gcatcaggygg

cgaggatctc

ccgettttet

agcgttggcet

cgtgctttac

cgagttcttc

ccatcacgag

ttccgggacy

caccccaact

ttcacaaata

gtatcttatc

tagctgtttc

agcataaagt

cgctcactgc

caacgcgcgy

tcgctgegcet

cggttatcca

aaggccagga

gacgagcatc

agataccagg

cttaccggat

cgctgtaggt

CCCCCCgttC

gtaagacacg

tatgtaggcy

acagtatttyg

tcttgatccyg

attacgcgca

gctcagtgga

ttcacctaga

atatccattct
gatggattgc
gcacaacaga
ceggttettt
gcgcecggctat
actgaagcgy
tctcaccttyg
acgcttgatc
cgtactcgga
ctcgcgecag
gtcgtgaccc
ggattcatcyg

acccgtgata

ggtatcgccyg
tgagcgggac

atttcgattc

ccggcetggat

tgtttattgc

aagcattttt

atgtctgtat

ctgtgtgaaa

gtaaagcctyg

CCcgctttcca

ggagaggcdy

cggtcegttey

cagaatcagyg

accgtaaaaa

acaaaaatcg

CgtttCCCCC

acctgtccgc

atctcagttc

agcccgaccyg

acttatcgcce

gtgctacaga

gtatctgcgce

gcaadcaadac

gaaaaaaagqg

acgaaaactc

CcCcttttaaa
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tcggatcectga
acgcaggttc
caatcggctg
ttgtcaagac
cgtggctggc
gaagggactyg
ctcctgecga
cggctacctg
tggaagccgg
ccgaactgtt
atggcgatgc
actgtggccg
ttgctgaaga
ctcecgatte
tctggggttc
caccgccgcc
gatcctccag
agcttataat
ttcactgcat
accgtcgacc

ttgttatccg

gggtgcctaa

gtcgggaaac

tttgcgtatt

gctgeggega

ggataacgca

ggccgcegtty
acgctcaagt

tggaagctcc

CLLtctccect

ggtgtaggtc

ctgcgectta
actggcagca
gttcttgaag
tctgctgaag
caccgctggt
atctcaagaa

acgttaaggy

ttaaaaatga

tcaagagaca

tccggecgcet

ctctgatgcec

cgacctgtcc

cacgacgggc

gctgctatty

gaaagtatcc

cccattcgac

tcttgtegat

cgccaggctc

ctgcttgceyg

gctgggtgtyg

gcttggcgygc

gcagcgcatc

gaaatgaccyg

ttctatgaaa

cgcggggatc

ggttacaaat

tctagttgtyg

tctagctaga

ctcacaattc

tgagtgagct

ctgtcgtgcec

gggcgctcett

gcggtatcag

ggaaagaaca

ctggegtttt

cagaggtggce

ctcgtgcegcet

t cgggaagcy
gttcgctcca

tccggtaact

gccactggta

tggtggccta

ccagttacct

agcggtggtt

gatcctttga

attttggtca

agttttaaat

US 9,353,401 B2
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ggatgaggat

tgggtggaga

gccecgtgttcec

ggtgccctga

gttccttgceyg

ggcgaagtgc

atcatggctg

caccaagcga

caggatgatc

aaggcgcgca

aatatcatgg

gcggaccgcet

gaatgggctg

gccttctatce

accaagcgac

ggttgggﬂtt

tcatgctgga

aaagcaatag

gtttgtccaa

gcttggcgta

cacacaacat

aactcacatt

agctgcatta

ccgcttcctc

ctcactcaaa

tgtgagcaaa

tccataggcet

gaaacccgac

ctcctgttec

tggcgcetttce

agctgggctg

atcgtcttga

acaggattag

actacggcta

tcggaaaaag

tttttgtttg

CCLtttctac

tgagattatc

caatctaaag

cgtttcegcat

ggctattcgyg

ggctgtcagc

atgaactgca

cagctgtgcet

cggggcagga

atgcaatgcg

aacatcgcat

tggacgaaga

tgcccgacygyg

tggaaaatgg

atcaggacat

accgcttcct

gccttettyga

gcccaacctyg

cggaatcgtt

gttcttcogcec

catcacaaat

actcatcaat

atcatggtca

acgagccgga

aattgcgttyg

atgaatcggc

gctcactgac

ggcggtaata

aggccagcaa

CCgCGCCCCt

aggactataa

gaccctgcecy

tcaatgctca

tgtgcacgaa

gtccaacccy

cagagcgagy

cactagaagg

agttggtagc

caagcagcag

ggggtctgac

aaaaaggatc

tatatatgag

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820
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taaacttggt

ctatttegtt

ggcttaccat

gatttatcag

ttatccgect

gttaatagtt

tttggtatgg

atgttgtgca

gccgcagtgt

tccgtaagat

atgcggcgac

agaactttaa

ttaccgcectgt

Ccttttactt

aagggaataa

tgaagcattt

aataaacaaa

ctgacagtta

catccatagt

ctggccccag

caataaacca

ccatccagtc

tgcgcaacgt

cttcattcag

aaaaagcggt

tatcactcat

gcttttetgt

cgagttgctc

aagtgctcat

tgagatccag

tcaccagcgt

gggcygacacy

atcagggtta

taggggttcc

«<210> SEQ ID NO o

<211> LENGTH:
«212> TYPE:

6842
DNA

49

ccaatgctta
tgcctgactc
tgctgcaatg
gccagccgga
tattaattgt
tgttgccatt
ctceggttcec
tagctectte
ggttatggca
gactggtgag
ttgcccecggceg
cattggaaaa
ttcgatgtaa
ttctgggtga
gaaatgttga
ttgtctcaty

gcgcacattt

atcagtgagyg
ccegtoegtgt
ataccgcgag
agggccgagc
tgccgggaayg
gctacaggca
caacgatcaa
ggtcctocga
gcactgcata
tactcaacca
tcaatacggy
cgttcttcgy
cccactegtyg
gcaaaaacag
atactcatac
agcggataca

ccccgaaaag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: The sequence of the CMV expression vector

US 9,353,401 B2

-continued

cacctatctc

agataactac

acccacgctc

gcagaagtgg

ctagagtaag

tcgtggtgte

ggcgagttac

tcgttgtcag

attctcttac

agtcattctg

ataataccgc

ggcgaaaact

cacccaactg

gaaggcaaaa

Ccttcctttt

tatttgaatg

tgccacctga

agcgatctgt

gatacgggag

accggctceca

tcctgcaact

tagttcgcca

acgctcgteg

atgatccccc

aagtaagttyg

tgtcatgcca

agaatagtgt

gccacatagc

ctcaaggatc

atcttcagca

tgccgcaaaa

Ccaatattat

tatttagaaa

cgtc

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

64380

6540

6600

6660

6720

6780

6834

eXpressing human codon optimized Vargula luciferase under control

of the CMV promoter
<220> FEATURE:

«221> NAME/KEY:
«222> LOCATION:

(209)

«220> FEATURE:

«221> NAME/KEY:
«222> LOCATION:

(864)

<220> FEATURE:

«221> NAME/KEY:
«222> LOCATION:

(889)

«220> FEATURE:

«221> NAME/KEY:
«222> LOCATION:

(907)

<400> SEQUENCE: 6

gacggatcgg

ccgcatagtt

cgagcaaaat

ttagggttag

gattattgac

tggagttccyg

cccgcccatt

attgacgtca

atcatatgcc

atgcccagta

tcgctattac

gagatctccc

aagccagtat

Ctaagctaca

gcgttttgeg

tagttattaa

cgttacataa

gacgtcaata

atgggtggac

aagtacgccc

catgacctta

catggtgatyg

(863)

T7 promoter bases

(882)

Polylinker bases

(907)

(6842)

gatcccctat

ctgctcececcty

acaaggcaag

ctgcttegey

tagtaatcaa

cttacggtaa

atgacgtatyg

tatttacggt

cctattgacy

tgggactttc

cggttttggc

CMV promoter bases

Vargula luciferase gene

ggtcgactct

cttgtgtgtt

gcttgaccga

atgtacgggc

ttacggggtc

atggcccgcec

ttcccatagt

aaactgccca

tcaatgacgy

ctacttggca

agtacatcaa

cagtacaatc

ggaggtcgcet
caattgcatg

cagatatacg

attagttcat

tggctgaccyg

aacgccaata

cttggcagta

taaatggccc

gtacatctac

tgggcgtgga

tgctctgatg

gagtagtgcg
aagaatctgc

cgttgacatt

agcccatata

cccaacgacc

gggactttcc

catcaagtgt

gcctggeatt

gtattagtca

tagcggtttyg

60

120

180

240

300

360

420

480

540

600

660

50



actcacgggy

aaaatcaacg

gtaggcgtgt

ctgcttacty

gagctcatga

caggatgcat

tgcgaagcta

ctgtccgacy

gtcatcgaat

aatttccagy

gtcaccctga

ctggaggtygyg

dacgdgaddad

gtcgtcgaaa

gatatcctcg

tctggcattt

caactggcca

ccttcagaca

aacatcaact

gagagagcca

ggtacctgcyg

ttccaagggc

gtcaaagttt

aagcagagta

gacgttagta

ctgacaaccy

gtagtgcaca

caggactcaa

cctggatgcea

tcttcaatag

tatgagtatt

gaatgctaca

aataattctt

ggggatgcgg

tatccccacg

gtgaccgcta

ctcgeccacgt

atttccaagt

ggactttcca

acggtgggag

gcttatcgaa

agataattat

gtccagtaga

daadaagdddydya

gactttgcga

gccgggtcga

aacccggcaa

caatggaaaa

cgggagacgt

ctgatcccgt

ttccaggcett

gcggacggtce

gtggtaactt

ttcaacctaa

tcgaatactyg

tctactatta

aacatgtgct

tcctgagegy

cttgcaaaga

cccatcecggga

ccgtegtaga

ttcegtattc

ccatccttcec

ttcgcgaccc

ctgacgattt

ccgaagagca

atgagaaatyg

gcctgagagyg

taaagcacgyg

actgtcatgc

tgggctctat

cgccecctgtag

cacttgccayg

tcgcoccggett

51

ctccacccca
aaatgtcgta
gtctatataa
attaatacga

cctttetgty

ggcggaaccyg
gtgcatcgat
aaataaaccc
ggccgecggt
atacgtactyg

cctggacggg

aattgacatc
gattgcaaac
caacatcaca
cgttcgcatc
ggaaatgaat
tatcaacaaa
caaaggcctc
tactctgagc
tttcgactat
ccataccttc
gctcctgatyg
cgtagagagc
cctgatcegtc
ttctgaaaat
agaagctctyg
attcgacggy

ctttgacgcc
aaagcctgaa
caacgtgtgt
tcaacaaggyg
ggatacattg
caagtaagat
ggcttctgag
cggcgcatta
cgccctageyg

tccccgtcaa

ttgacgtcaa

acaactccgc

gcagagctct

ctcactatag

attctggett

ccatcttcta

acaaggtgcyg

gggaagacct

tattttagaa

gctcgcecggca

cagaaaggag

actcaggcaa

cctttcacta

gtgatcgagt

gcacctgaca

gatgctgatg

gagtttgatg

atggaaccgt

tgcgcatttyg

gtggagacct

tatgacacct

gccgcagatt

tacacggaag

gacggcaagc

acgagcatct

gtggtgaagt

aaaacctgtyg

gaaggggctt

gceggaacyggce

tacaaacctg

ttctgcecgatc

gaggtgccge

gcttttetgt

gcggaaagaa

agcygcgygeygy

ccecgctectt

gctctaaatc
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tgggagtttg

cccattgacg

ctggctaact

ggagacccaa

actgtgttac

cceccgaccgt

ctacctgcaa

gctgtcgaat

cattttacgg

ccaagggtgg

ccgtgettac

cggctgaccc

ttggcgaggt

tcttcaaget

cagocaacdaa

acttcacaac

gatgtccctt

accgggcecgt

catactgtat

gcgeocgaccc

tcgataaggce

gttactggaa

ttgagaaggt

aggtaaaggt

actggcagga

tTtaacttcaa

ggatttgcgg

gcgctcettac

tgtgcaattc

accgcatcgce

acgcgtggga

cagaatgcca

gctgcaatag

ccagctgggg

gtgtggtggt

tcgetttett

ggggcatccc

ttttggcacc

caaatgggcg

agagaaccca

gcttggtacc

agtgaattgt

accaacctcecc

acgggatatc

gtgtcagtat

taaacggttt

cgactggagc

Caaaactacc

aataaccgtg

cacgattgcc

gatcgtcatt

gggcctgatc

ggacgccagac

ttacggaaat

ttgcagaaat

gggcggtgag

ggagactcgc

taggtaccag

cacttgggac

gaccatcagyg

aggaggcgtyg

tggagacatt

gcagctgcty

caactacaac

cccaaatccg

actgtttgat

acgctgcatg

atttaagaaa

gtagtctaga

caggcatgct

ctctaggggg

tacgcgcagc

ccCcttccttt

tttagggttc

720

780

840

900

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880
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cgatttagtyg

agtgggccat

aatagtggac

gatttataag

aaatttaacg

gctccccagy

ggaaagtccc

gcaaccatag

cattctccgc

gcctcectgagce

aagctcccecgy

tttcgcatga

ctattcggct

ctgtcagcgc

gaactgcagg

gctgtgctcg

gggcaggatc

gcaatgcggc

catcgcatcyg

gacgaagagc

ccogacgygcyg

gaaaatggcc

caggacatag

cgcttectey

cttecttgacy

ccaacctgcce

gaatcgtttt

tcttcgccca

tcacaaattt

tcatcaatgt

catggtcata

gagccggaay

ttgcgttgcy

gaatcggcca

tcactgactc

cggtaatacyg

gccagcaaaa

gcccoccecctga

gactataaag

ctttacggca

cgccctgata

tcttgttcca

ggattttggg

cgaattaatt

caggcagaag

caggctcccc

tCCCgCCCCt

cccatggcetyg

tattccagaa

gagcttgtat

ttgaacaaga

atgactgggc

AdgyggygcygCcCccC

acgaggcagc

acgttgtcac

tcctgtcatc

ggctgcatac

agcgagcacyg

atcaggggct

aggatctcgt

gcttttetygg

cgttggctac

tgctttacgy

agttcttetg

atcacgagat

ccgggacgcc

ccccaacttg

cacaaataaa

atcttatcat

gctgtttect

cataaagtgt

ctcactgccce

acgcygcygygyy

gctgcgetceg

gttatccaca

ggccaggaac

cgagcatcac

ataccaggcyg

53

cctegaccecce
gacggttttt
aactggaaca
gatttcggcc
ctgtggaatg
tatgcaaagc
agcaggcaga
aactccgccce
actaattttt
gtagtgagga
atccattttc
tggattgcac
acaacagaca

ggttcettttt

gcggctatcg
tgaagcggga
tcaccttgcet
gcttgatccy
tactcggatyg
cgocgcecagcec
cgtgacccat
attcatcgac
ccgtgatatt
tatcgccgcet
agcgggactc
ttcgattcca
ggctggatga
tttattgcag
gcattttttt
gtctgtatac
gtgtgaaatt
aaagcctggy

gctttcocagt
agaggcggtt
gtcgttcggc
gaatcagggg
cgtaaaaagg
aaaaatcgac

tttcceecty

aaaaaacttg

cgccctttga

acactcaacc

tattggttaa

tgtgtcagtt

atgcatctca

agtatgcaaa

atcccgcccc

Cttatttatg

ggctttttty

ggatctgatc

gcaggttctc

atcggctgcet

gtcaagaccg

tggctggcca

agggactggc

cctgccgaga

gctacctgcc

gaagccggtce

gaactgttcg

ggcgatgcct

tgtggceggce

gctgaagagc

cccgattegc

tggggttcga

ccgecgectt

tccteccagey

cttataatgg

cactgcattc

cgtcgacctc

gttatccgcet

gtgcctaatg

cgggaaacct

tgcgtattgyg

tgcggcgagce

ataacgcagyg

ccgegttget

gctcaagtca

gaagctccct
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attagggtga

cgttggagtc

ctatctcggt

aaaatgagct

agggtgtgga

attagtcagc

gcatgcatct

taactccgcc

cagaggccga

gaggcctagyg

aagagacagyg

cggcegcettyg

ctgatgccgc

acctgtecgy

cgacgggcgt

tgctattggyg

aagtatccat

cattcgacca

ttgtcgatca

ccaggctcaa

gcttgccgaa

tgggtgtggc

ctggcggcga

agcgcatcgce

aatgaccgac

ctatgaaagyg

cggggatctce

ttacaaataa

tagttgtggt

tagctagagc

cacaattcca

agtgagctaa

gtcgtgccag

gcgcectettec

ggtatcagct

aaagaacatg

ggcgttttte

gaggtggcga

cgtgcgctet

tggttcacgt

cacgttettt

ctattctttt

gatttaacaa

aagtccccag

aaccaggtgt

caattagtca

cagttccgec

ggccgcectcet

cttttgcaaa

atgaggatcg

ggtggagagg

cgtgttccgy

tgcccectgaat

tccttgegea

cgaagtgccg

catggctgat

ccaagcgaaa

ggatgatctyg

ggcgcgcatg

tatcatggtyg

ggaccgctat

atgggctgac

cttctatcge

caagcgacgc

ttgggcttey

atgctggagt

agcaatagca

ttgtccaaac

ttggcgtaat

cacaacatac

ctcacattaa

ctgcattaat

gcttcoctegc

cactcaaagg

tgagcaaaag

cataggctcc

aacccgacag

cctgttecga

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220
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ccetgecget

aatgctcacyg

tgcacgaacc

ccaacccggt

gagcgaggta

ctagaaggac

ttggtagctc

agcagcagat

ggtctgacgc

aaaggatctt

tatatgagta

cgatctgtct

tacgggagygy

cggctccaga

ctgcaacttt

gttcgccagt

gctcgtcegtt

gatcccceccat

gtaagttggc

tcatgccatce

aatagtgtat

cacatagcag

caaggatctt

cttcagcatc

cccCaadaddad

aatattattg

tttagaaaaa

tcC

taccggatac

ctgtaggtat

cceegtteag

aagacacgac

tgtaggcggt

agtatttggt

ttgatccggce

tacgcgcaga

tcagtggaac

cacctagatc

aacttggtct

atttcgttca

cttaccatct

tttatcagca

atccgcctcc

taatagtttyg

tggtatggct

gttgtgcaaa

cgcagtgtta

cgtaagatgc

gceggcegaccy

aactttaaaa

accgctgttyg

CCLtactttc

gggaataagg

aagcatttat

taaacaaata

«210> SEQ ID NO 7
<211> LENGTH: 16

«212> TYPE:

PRT

3

ctgtccecgcect
ctcagttcgy
cccgaccygcet
ttatcgccac
gctacagagt
atctgcecgcetc
aaacaaacca
aaaaaaggat
gaaaactcac
cCtttaaatt
gacagttacc
tccatagttyg
ggccccagtyg
ataaaccagc
atccagtcta
cgcaacgttyg
tcattcagcet
aaagcggtta
tcactcatgy
ttttctgtga
agttgctett
gtgctcatca
agatccagtt
accagcgttt
gcgacacgga

cagggttatt

ggggttﬂﬂgﬂ

CECtCCCLLC

tgtaggtcgt

gcgceccttate

tggcagcagc

tcttgaagty

tgctgaagcec

ccgcetggtag

ctcaagaaga

gttaagggat

aaaaatgaag

aatgcttaat

cctgactccc

ctgcaatgat

cagccggaag

ttaattgttg

ttgccattgc

ccggttecca

gctcecttegy

ttatggcagc

ctggtgagta

gccoggegtce

ttggaaaacyg

cgatgtaacc

ctgggtgagc

aatgttgaat

gtctcatgag

gcacatttcc

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<«223> OTHER INFORMATION:

<400> SEQUENCE: 7

Secretory gignal
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-continued

gggaagcgtyg
tcgctcecaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttc
cggtggtttt
tcctttgate
tttggtcatg
CLttaaatca
cagtgaggca
cgtcgtgtag
accgcgagac
ggccgaygcegc
ccgggaagcet
tacaggcatc
acgatcaagg
tcctecegatce
actgcataat
ctcaaccaag
aatacgggat
ttcttcecggygy
cactcgtgca
aaaaacagga
actcatactc
cggatacata

ccgaaaagtyg

gcgcectttetc

Ctgggﬂtgtg

cgtcttgagt

aggattagca

tacggctaca

ggaaaaagag

tttgtttgca

ttttctacygg

agattatcaa

atctaaagta

cctatctcag

ataactacga

ccacgctcac

agaagtggtc

agagtaagta

gtggtgtcac

cgagttacat

gttgtcagaa

tctettactyg

tcattctgag

aataccgcgce

cgaaaactct

cccaactgat

aggcaaaatg

CECCLLLLttcC

tttgaatgta

ccacctgacg

Met Leu Leu Lys Val Val Phe Ala Ile Gly Cys Ile Val Val Gln Ala

1

5

What 1s claimed 1s:
1. A multiplexed luciferase assay composition comprising:
multiple luciferase reporters, wherein at least two of the
luciterase reporters are selected from the group consist-
ing of a firefly luciterase, a Renilla luciterase, a Gaussia

luciferase and a Cypridina (Vargula) luciferase, and

10

60

wherein the different luciferase reporters emait at different

wavelengths and/or utilize di

il

‘erent substrates, and

65

15

wherein the firefly luciferase 1s a red-emitting human
codon optimized luciferase encoded by SEQ ID NO:3
with an emission maximum of approximately 617 nm;

or

wherein the firefly luciferase 1s a green-emitting human
codon optimized luciferase encoded by SEQ ID NO:4
with an emission maximum of approximately 550 nm;

or

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

64380

6540

6600

6660

6720

6780

6840

6842
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S7

wherein the Rerilla luciferase comprises AS5T, S130A,
K136R, A143M, M185V, M253L., and S287L. mutations

or AI23S, D154M, E135G, D162E, 1163L, and V185L
mutations compared to wildtype Renilla luciferase; or
wherein the Vargula luciferase 1s encoded by SEQ ID NO:
6; and
wherein at least one of the luciferase reporters comprises a

secretory signal, wherein the secretory signal 1s peptide
sequence of SEQ ID NO: 7.

¥ ¥ # ¥ o

10
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